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 1 
Abstract 
Researchers in the field of Computer Science education have been tirelessly 
researching into ways to improve teaching and learning in the Computer Science 
discipline. While programming is at the heart of Computer Science, its teaching 
and learning are still a challenge. Learners face many difficulties in learning to 
program due to a myriad of reasons such as the abstract nature of the 
programming languages, lack of problem solving skills in their early stages of 
learning to program, development of inaccurate mental models due to high 
cognitive activities they are required to perform in a short span of time, to 
mention a few.   
 
It is well known that interactions are important for student learning, and lead to 
improved learning outcomes. Many interventions have been successfully 
employed, variably focusing on facilitating student-content, student-instructor or 
student-student interactions. However, most of the interventions that focus on 
increasing student-to-student interactions require students to be on campus or to 
attend scheduled classes. Studies have shown, however, that  attendance rates 
to scheduled classes are in decline due to a myriad of reasons, rendering such 
interventions as mostly unhelpful for students who rarely attend scheduled 
classes.   
 
Nonetheless, advances in mobile technology and social media have transformed 
the way students engage with others in their daily routines. These technologies 
are embedded in students’ lives, so they are becoming increasingly mobile, 
always connected, multitasking-savvy and 24/7-minded. To adapt to such 
behaviours exhibited by current students, several learning platforms have 
incorporated mobile learning environments to provide access anytime, anywhere 
through mobile devices. However, not all mobile devices can access these 
platforms and not all students have mobile devices capable of accessing such 
platforms. 
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In this thesis we investigate the use of mobile technology and social media as 
tools to support the learning of programming. We exploit the behavioural 
characteristics of students in their use of technology and focus on increasing 
student-to-student interactions through the use of these tools as they facilitate 
and increase interactions anytime, anywhere. Mobile technology and social 
media are used as the means to connect students wherever they may be, to form 
a learning environment in which they may interact, communicate, and create and 
share content relevant to their learning. Using a popular social networking site, 
accessible to almost all mobile devices (smartphones, tablets, laptops), we 
create a learning environment for students enrolled in introductory programming 
courses and invited them to join and use it to engage through interactions with 
their peers, the aim being to support their learning of programming. 
 
Students from three different universities, enrolled in introductory programming 
courses and with different modes of course delivery, were involved in this study. 
A total of four phases were conducted to investigate feasibility of the 
environment, students’ perceptions, experiences and whether or not the 
environment was meaningful for the learning of programming.  Data were 
gathered and analysed using quantitative and qualitative statistical approaches.  
 
We report on the feasibility of the environment, students’ perceptions, 
experiences and the usefulness of the mobile social learning environment for 
students’ learning of programming. We also proposed a model to assess 
programming students’ interactions in the learning environments. The proposed 
model assesses programming knowledge exchanged and social presence 
projections. Along with the model, we propose some guidelines to incorporate the 
learning environment in order to enhance the teaching and learning of 
programming. The guidelines have been implemented and evaluated to an 
improved outcome in terms of engaging students in the learning of programming 
and construction of programming knowledge. 
 3 
 
In our study, the focus is on novice programmers and their learning of 
programming. The model also focuses on analysing the programming knowledge 
exchanged in the proposed learning environment. As future work, we plan to use 
this model to analyse course knowledge exchange in other related or non-related 
courses that use social media environment to support learning. 
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Chapter 1-  Introduction 
Learning can be described as a social process where learners gather knowledge, 
indeed, even learn through interacting with other learners. Mobile technologies 
and social media have made it possible for these interactions to happen 
anywhere, anytime. Learner interaction with more knowledgeable learners tends 
to narrow the gap, which the less knowledgeable learners would have to fill to 
attain the same knowledge (Gredler, 2012). That is, a learner’s range of abilities 
to perform a task can increase when interacting with a more knowledgeable 
learner. In view of increasing interactions, several interventions have been 
employed to support novices in learning of programming or to overcome learning 
difficulties they face. In this chapter we outline the learning problems that novice 
programmers experience, some interventions that have been developed to 
support novices, the objectives of our research and finally, we provide a road 
map of this thesis. 
 
1.1 The novice programmer  learning problems  
 
Learning to program has not been easy for many learners who are in their early 
stages of learning to program. We define such learners as novices and use this 
term throughout this thesis. Although programming is a basic course in Computer 
Science and its related fields, novices still face difficulties at very early stages 
(Jenkins, 2002; Lahtinen et al., 2005). Programming requires correct 
understanding of many abstract concepts, lack of which may result in higher drop 
out or failure rates (Bennedsen and Caspersen, 2007; Guzdial, 2009; Shuhidan 
et al., 2009). Novices find it even more difficult to learn programming if they don’t 
have prior computer knowledge or mathematics backgrounds or have poor 
reading comprehension (Chinn et al., 2010; Lau and Yuen, 2011; Pillay and 
Jugoo, 2005).  
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Teaching programming may be very challenging. Instructors come across 
various challenges on how they should teach the material so that novices can 
better understand it. An instructor having a class with students of different 
backgrounds is faced with increased difficulties in teaching programming 
languages regardless of the attitudes and expectations of the instructor or 
students themselves (Adair and Jaeger, 2011).  
 
Moreover, students have increasingly become disengaged from the traditionally 
delivered higher education experience as they spend less time on campus and  
therefore less time in contact with their instructors and peers (Sheard et al., 
2010). Several reasons could contribute as to why students spend less time on 
campus than they did several years ago. One major reason given is the financial 
hardship where students opt for paid employment while studying full time (Devlin 
et al., 2008; Wadesango and Machingambi, 2011). Other reasons include social 
commitments, illness and family emergencies, to mention a few (Cleary-
Holdforth, 2007).  
 
Improvements in education technologies bring a significant impact to the way 
students learn (Ringstaff and Kelley, 2002). Availability of lecture notes, recorded 
lectures, presentations, audio, audio-visual and on-line materials in the University 
Learning Management System (LMS) may fuel absenteeism (Massingham and 
Herrington, 2006; Warden et al., 2010). On the other hand, the LMS can provide 
a means for students to communicate through asynchronous discussion boards, 
but 
 
• What happens if a student encounters problems while going through 
lecture materials downloaded from the LMS and needs a quick response 
to resolve the problem? 
•  How long will it take for a post on the LMS to get a reply for the student to 
continue with whatever he/she was stuck on?  How can other students not 
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logged on to the LMS know what others are up to, what difficulties they 
are facing and for which they might offer help? 
•  How can we connect these students together anytime, anywhere, so they 
can interact and support each other in their learning? On the side of 
instructors, having few students attending lectures, tutorials and laboratory 
sessions, not to mention mentoring sessions, how can they be able to 
capture novice misconceptions about certain programming concepts, if 
any, happening outside physical classrooms? 
 
The current trends of student engagement, difficulties with learning programming 
languages and importance of interactions in student learning prompted the 
interest to investigate how mobile devices and social media can be incorporated 
to support the teaching and learning of programming.  
 
1.2  Approaches to support learning of programming  
 
Many interventions have been employed to help novices reduce difficulties they 
face while learning to program and to enhance the programming learning 
experiences. These interventions have brought changes to the curriculum, 
pedagogy and methods of assessment and to the provision of additional support 
to novices. The provision of additional support interventions for example, aim to 
increase interactions either between novices and content ( via content accessible 
through for example, visualization software); or between novices and human 
machines (via automated tutoring systems); or between novices and peers via 
mentoring classes. However, each intervention has drawbacks  associated with 
it, and  among the drawbacks of visualization software for example, is the 
amount of time required to create, install and study the technology involved, and 
the time to integrate it into the course (Ala-Mutka, 2004; Alhosban and Hamad, 
2011). For automated tutoring systems, among the drawbacks are the time and 
resources to build them, and therefore, their use is not so widely adopted 
(Wenger, 2004; Yazdani, 2012).  Among the drawbacks of mentoring projects 
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that have been in place is the need for students to be on campus and students 
do not fully take advantage of them (Gerhardt and Olan, 2010; Godfrey, 2008).  
 
Studies of trends in student engagement have shown that students are spending 
much more of their time outside the campus. Socio-economic factors and the 
cost of higher education have contributed to students increasing their hours of 
paid work, and as a result, not attending classes regularly (Devlin et al., 2008; 
Krause et al., 2005). Improvements in education technology and the 24x7 
availability of lecture notes, presentations, audio, audio-visual and online 
materials has also contributed to students not attending classes regularly 
(Babcock and Marks, 2010; Warden et al., 2010). All these have led to the failure 
of some interventions and  have decreased student-to-instructor and student-to-
student interactions which are important for student success (Anderson, 2003a).  
 
Hence, in order to increase student-to-student interactions, our research aims to 
use mobile technology and social media, with a view that learning will be 
enhanced through the social media to increase interactions. 
 
1.3 Research objectives 
 
 As mobile technologies support instant communication and interactions among 
users, they also support information sharing between connected users anywhere, 
anytime. Mobile technologies have made contemporary university students more 
mobile and always connected, as mobile devices are now a major part of their 
daily lives (Gray et al., 2010). Students use these devices for both learning and 
socializing. These students have been described as being focused on 
maintaining social interactions (Cobcroft, 2006), being in possession of an 
information technology mindset and having highly developed skills in multitasking 
(Oblinger and Oblinger, 2005; Thompson, 2013). Nonetheless, the multitasking 
skills have not been proven as an exclusive phenomenon to contemporary 
university students (Bennett et al., 2008).  These students are known to be social 
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drivers (Kaplan and Haenlein, 2010). The majority of university students have 
accounts on social media, especially social networks (Halverson, 2011; Maleko 
et al., 2012b). They use social networks to connect with friends such as in 
Facebook, and to share content online such as in YouTube (Moran et al., 2011). 
Social networks increase interactions among connected users, and through 
connecting people, knowledge can be created and shared (Alexander, 2008; 
Ractham and Firpo, 2011; Roblyer et al., 2010).   
 
Social networks and mobile technologies have been used to support learning as 
they support communication, interactions and knowledge creation and sharing 
among students (Ally, 2010; Ractham and Firpo, 2011; Sølvberg and Rismark, 
2012; Waycott and Kennedy, 2009). Student interactions are identified as an 
important factor affecting student learning experiences on any potential learning 
environment or setting. Hence, the main objective of this research is to explore 
whether the opportunities offered by mobile technologies and social networks 
can support novice programmers in their learning of programming. As we focus 
on novices, we therefore intend  to  1)  determine whether or not novices are 
willing to use social networks and mobile technologies and to compare novice 
perceptions and experiences of the use of social networks and mobile 
technologies, to support their learning of programming; 2) analyse quantitatively 
and qualitatively the outcomes of novice interactions in a learning environment 
supported by mobile technologies and social networks and compare these with 
the interactions in the learning management system; 3) identify suitable 
instruments to assess meaningful interactions in such learning environments; 
and 4) propose guidelines for the integration of such environments into the 
normal delivery of programming courses. 
 
The Mobile Social Learning Environment (MSLE), detailed in Chapter 3, is the 
learning environment we propose in our study. This environment in a social 
networking site is accessed by novices using their mobile devices capable of 
connecting to the Internet, or by novices who are themselves mobile, hence the 
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word “mobile”. The word “mobile” also represents learning using mobile devices. 
As novices can access the MSLE anywhere, anytime, the learning that occurs as 
a result of their interactions in this environment is not only social, but also mobile, 
hence, mobile social learning. In this environment, communication and creating 
and sharing of information is done in real time, that is, social learning occurs with 
novices anytime, anywhere. However, to reflect the real context, where not all 
novices might own a mobile device, we allow novices to engage in social learning 
in this environment through the use of desktops. Hence, the aspect of mobility (of 
devices or of the learner) is not explored. This research focuses on the 
environment itself, in terms of exploring the extent to which it can support 
increased interactions among novices and increased engagement with the 
learning, which in turn, might contribute to the learning of programming.  
 
1.4 Research Questions 
 
In order to achieve the above objectives, we seek to specifically address the 
following research questions: 
 
RQ1. What are the novice perceptions and experiences of the mobile 
social learning environment for supporting learning of 
programming?  
 
Since this research is student focused, it is important to understand student 
perceptions of the technology to be used, before its integration into learning. 
After its integration, student experiences in using mobile social learning 
environment will help in the evaluation of the usefulness of the technology. This 
research question will inform us about the perceptions and experiences of 
novices on the use of mobile technologies and social media to support their 
learning of programming. 
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RQ2. How do novice interactions in the mobile social learning 
environment differ from interactions in the learning management 
systems? 
 
Since discussions in the learning management systems are structured and 
monitored as opposed to discussions in the MSLE, we expect novices’ 
behaviours to differ in the two environments. Since novices will be exposed to the 
two discussion environments simultaneously, the above research question aims 
to identify and explore the difference in novices behaviours in the two 
environments in relation to the learning of programming. 
 
RQ3. How can interactions in the mobile social learning environment 
be described and measured as meaningful in terms of programming   
           knowledge construction? 
 
In this research question we seek to provide in terms of knowledge construction, 
the description and measurements of meaningful interactions that will occur in 
the mobile social learning environment. Since not all interactions that will occur in 
the mobile social learning environment will be meaningful for the learning of 
programming, we aim to describe and propose an instrument to measure novice 
interactions in the mobile social learning environment. 
 
RQ4. What are appropriate guidelines for incorporating a mobile 
social learning environment to enhance novices learning of 
programming? 
 
Based on the novices perceptions and experience, and how we describe and 
measure interactions in the mobile social learning environment as meaningful, 
this research question will propose and test guidelines for proper implementation 
of the mobile social learning environment to support learning. 
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1.5 Thesis structure  
 
Our research is unique in the sense that it focuses on the investigation of 
whether or not novice programmers can meaningfully use social media and 
mobile technologies to support their learning of programming anywhere, anytime. 
It reports novice perceptions and experiences on the use of mobile technology 
and social media. It explores novice behaviours while using social media and 
mobile technologies for learning and their behaviours in the learning 
management systems, and finally, it proposes a model to assess the content 
generated by novices during their interactions in terms of knowledge construction 
and social presence projections. This model is our key contribution to the body of 
knowledge.  
 
These contributions and the associated research questions are explained in the 
remainder of this thesis as follows:  
 
Chapter 2: Novice programmers and learning of programming 
This chapter explores the literature in the context of this study. This literature 
includes challenges novices face while learning to program, interventions that 
have been in place to support novice learning of programming and the 
importance of interactions as emphasized by learning theories. It also presents 
related literature about mobile learning, social networking sites and their support 
to learning.   
 
Chapter 3: Using Mixed Methods Research to understand novice  
                  interactions in the Mobile Social Learning Environment 
 
The third chapter presents the MSLE, the environment we develop for novices to 
support their learning of programming, its set up and its implementation. This 
chapter presents the research approach and design used to answer our research 
questions. It presents participants and the phases involved in this study, the 
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instruments used to collect data and the approaches used to analyse the data. 
Lastly, the chapter highlights the ethical steps we followed to ensure participant 
privacy and data collection. 
 
Chapter 4: Novice perceptions and experiences of the Mobile Social     
Learning Environment 
 
The fourth chapter presents the feasibility of our study in terms of novice 
willingness to use the MSLE for learning and to use their own mobile devices. It 
then presents novice perceptions and experiences of using the Mobile Social 
Learning Environment for the learning of programming. In this chapter too, we 
present novice experience of using the Facebook programming quiz web 
application designed to increase engagement with the learning of programming. 
 
Chapter 5: Analysis of novice interactions within the Mobile Social      
Learning Environment 
 
This chapter presents the quantitative and qualitative methods used to analyse 
novice interactions. The quantitative methods include metrics such as cognitive 
levels, participation, numbers of posts and code-containing posts. The qualitative 
methods include thematic and content analysis for assessing the quality of 
novice discussions in the MSLE. 
 
Chapter 6: Results of the analysis of novice interactions within the Mobile 
Social Learning Environment 
 
Chapter six presents the findings from quantitative and qualitative analysis of 
novice interactions inside the MSLE. It presents the assessment of novice 
behaviours in the MSLE, assessment of programming knowledge exchanged and 
the projection of social presence in the MSLE. Lastly, it presents novice 
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experiences of using a modified Facebook programming quiz mobile application 
aimed to increase engagement with learning. 
 
Chapter 7:  The Mobile Social Learning Environment (MSLE) Model 
 
In this chapter we present the MSLE model designed to assess knowledge 
construction and social projection in the Mobile Social Learning Environment. 
The reliability of the model and the tests performed to evaluate the model are 
also presented. 
 
Chapter 8:  Discussion 
 
This chapter discusses the findings presented in the previous chapters. It 
discusses the findings based on the research questions. While discussing the 
third research question, we present two sets of guidelines to incorporate the 
MSLE into the teaching of programming. The evaluation of the guidelines is also 
presented in this chapter. 
 
Chapter 7:  Conclusion and future works 
This last chapter summarises the answers to the research questions and 
highlights the key findings and conclusion of the research. It also proposes some 
future research. 
 
 
 
 
 
 
 
 
 
 
 
 14 
Chapter 2-  Novice programmers and the 
learning of programming 
As learning programming is difficult, different educators have employed various 
additional strategies and supports to help novices develop programming skills 
(Miliszewska and Tan, 2007). Many of these supports aim to promote 
interactions because interactions are “a defining characteristic of all contexts of 
education” (Hillman et al., 1994; Moore, 1989). They focus on the three 
fundamental types of interactions in learning, as identified by Moore (1989); 
learner-content, learner-instructor and learner-learner interactions.  Interactions 
in the learning process are necessary for knowledge acquisition and cognitive 
development.  Learning occurs through construction of meaning by learners 
when they interact with each other and with the environment they live in. This is 
argued by social constructivist theories of  learning, strongly influenced by 
Vygotsky (1978). Vygotsky argued that learning is an active social process and 
that interactions between learners play a fundamental role in the learning 
process.  
 
Facilitation of learning through mobile technologies has been shown to provide 
opportunities for learners to connect and interact anywhere, anytime (Brown, 
2005; Dawabi et al., 2003). Also, the special kind of interactions and 
communication that offer opportunities for learners to share ideas, knowledge 
and activities, have enhanced the pedagogical potential of social networking sites 
(Dalsgaard, 2008).   
 
This chapter presents a review of research in novice programmers and the 
learning of programming, the difficulties novices face and interventions that have 
been employed to help them in their learning of programming. We  review related 
learning theories such as social constructivism that form the basis of our 
research and how social interactions emphasized by learning theories can be 
offered by mobile learning and social networking sites such as Facebook. We 
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review also studies that examine the way mobile devices and social networking 
sites have been used to support learning and what students perceive of their use 
in learning.  
 
2.1 Novices and the  learning of programming 
             
Who is a novice programmer? The definition of a novice programmer is based on 
the context of research. Several definitions are published. A novice programmer 
is a learner who has completed no more than two semesters of formal 
programming course work during the past two years and is unable to write a 
trivial program (Feldman and Bachus, 1997). A novice programmer is an end 
user who wants to program a computer (Smith et al., 2000). A novice 
programmer is a learner learning how to program (Myers et al., 2006). In the 
context of this thesis, novice programmers, or novices, are university students, 
undergraduate or postgraduate, in their early stages of learning fundamental 
programming. These students may or may not have prior programming 
knowledge, and may be enrolled in a computer science degree or in related 
disciplines that require programming knowledge. In this thesis, the words novice 
programmer, novice and student are used interchangeably. 
  
Although programming is the basic course for many students enrolled in 
computer science or related disciplines, it is not an easy subject to study 
(Lahtinen et al., 2005). Unfortunately, novices often face difficulties at early 
stages (Hu et al., 2012; Kuittinen and Sajaniemi, 2004; Lahtinen et al., 2005; 
Robins et al., 2003).  Some of these difficulties in learning programming are 
brought about by 1) the nature of the subject (Butler and Morgan, 2007; Ebrahimi 
and Schweikert, 2006; Lahtinen et al., 2005); 2) the background characteristics of 
the novice (Caspersen et al., 2007; Lau and Yuen, 2011; Pillay and Jugoo, 
2005); and 3) the controversy on how should programming be taught (Bruce, 
2005; Ehlert and Schulte, 2009; Uysal, 2012). The latter presents challenges to 
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instructors, centred around what to teach first, the procedural or object-oriented 
programming paradigm. 
 
Programming is abstract in nature. It requires understanding of abstract concepts 
which novices at the beginning may not be able to grasp (Bennedsen and 
Caspersen, 2007; Lahtinen et al., 2005). Concepts such as  variables, data 
types, dynamic memory, to mention but a few, will not relate to a student’s daily 
life, hence are difficult to master them (Dunican, 2002b; Gomes and Mendes, 
2010; Gomes et al., 2012). Programming involves a hierarchy of skills such as 
problem-solving skills that novices may not have acquired before, or find  difficult 
to acquire in a short span of time (Adair and Jaeger, 2011; Dunican, 2002a). This 
may de-motivate novices and, as a result, de-motivated novices will not succeed 
(Bergin and Reilly, 2005; Jenkins, 2001). This may also lead to dropping out of 
the computing carrier altogether, or choosing carrier paths within the computing 
program that do not involve programming (Bergin and Reilly, 2005; Miliszewska 
and Tan, 2007; Stamouli et al., 2004).   
 
Novice background characteristics have been shown to contribute to 
programming performance. The background characteristics previously believed 
to relate to programming performances are gender, prior computing experience, 
student’s mother tongue, reading comprehension, learning styles and student 
performance in other problem-solving courses such as Mathematics and Science 
(Byrne and Lyons, 2001; Goold and Rimmer, 2000; Pillay and Jugoo, 2005). 
However, in studies conducted by Byrne et al. (2001) and Allert (2004), they 
found that previous computer experience  did not influence programming 
performance, but students who had previous programming experience tended to 
perform better. Byrne et al. (2001) and Chmura (1998) also examined the effect 
of gender in relation to programming performance and concluded that gender 
had no effect on programming performance. According to both papers, there is a 
strong positive correlation between performance in programming course and 
performance in other problem-solving courses such as mathematics. Chmura 
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(1998) reported that students who performed poorly in programming had poor 
reading comprehension. On the other hand, Byrne et al. (2001) revealed that a 
student’s mother tongue being different from English, the language of instruction, 
has no effect on their programming performance. Other factors studied that 
influence programming performance include: personality, intellect and computer 
attitudes and ownership (Charlton and Birkett, 1999); comfort level, attribution to 
luck, a formal class in programming, game playing (Wilson, 2002), mental 
models and academic ability (Lau and Yuen, 2011).  
 
The following section explores different approaches that have been proposed 
and implemented to improve novices learning of programming.  
 
2.2 Interventions to support the learning of programming 
 
 Different interventions have been developed and implemented over the years to 
help novices develop programming skills.  
 
2.2.1 Curriculum-based 
There have been curriculum-based interventions (Bennedsen and Caspersen, 
2003; Decker, 2003; Van Roy et al., 2003) where changes have been proposed 
around the order of teaching programming concepts. There are two major 
contradictory approaches to curriculum design, the object-first and structured 
programming first (Blake, 2011; Bruce, 2005; Miliszewska and Tan, 2007; Van 
Roy et al., 2003). This is an ongoing debate among computing education 
researchers and consensus has not been reached (Ben-Ari, 2010; Ehlert and 
Schulte, 2009; Mason and Cooper, 2014). However, the use of both approaches 
are reported as successful, although, in some studies, novices reported to feel 
lost when the object-oriented paradigm was introduced (Sheard and Hagan, 
1997).  
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2.2.2 Pedagogical-based  
Pedagogical-based interventions include teaching novices using analogy, where 
illustrative examples of programming concepts that novices have seen before are 
used.  A familiar non-programming concept is identified as the source and the 
new concept as the target. When the analogy is made the source is mapped onto 
the target (Blanchette and Dunbar, 2000; Clancy et al., 2003; Dunican, 2002a; 
Sheard and Hagan, 1997). Analogy has been used to introduce the concept of 
memory allocation (target) with a wooden box divided into small pigeonholes 
(source). To explain the need for temporary variables in swap methods, novices 
were presented with two wine glasses, one with water and the other with coffee. 
Each wine glass is meant to represent a memory location and its content. 
Novices were asked to move the contents of the first wine glass to the second 
and vice versa without mixing any of the content. Novices immediately realised 
the need of the third glass (Miliszewska et al., 2008). Dunican (2002b) used a 
children’s “Shape toy” as an analogy to illustrate how  assignment statements 
work, and a “paper and boxes” analogy to determine the largest and smallest 
number generated. Several analogies have proved to be useful, but there are 
others that present further difficulties when novices attempt to extract too much 
from the analogy. For example, with the command readln (odd, even) and with  
the input values of 2, 3, some novices were found to expect the computer to read 
the value of 3 into odd, and 2 into even (Mow, 2008). 
 
2.2.3 Ways of assessment 
Another kind of intervention is the use of frequent assessment approaches 
(Blumenstein, 2004). The type of assessments that are commonly used include 
objective testing and performance-based assessment (Blumenstein, 2002). 
Objective testing involves the use of multiple-choice questions while 
performance-based assessments involve laboratory exercises, programming 
assignments and practical examinations. Objective testing is useful as it provides 
instant feedback to novices especially in their understanding of language syntax 
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and program behaviour while performance-based assessment is useful in testing 
novices ability to write working computer programs (McCracken et al., 2001).  
 
2.2.4 Software tools 
Different software tools have been developed to aid novices. Some of these tools 
are locally used by the institution and some are widely adopted (Pears et al., 
2007). Visualization tools, programming environment and programming support 
tools are some of software tools that have been proposed and implemented. 
Visualization tools that visualize the structure or execution of the code such as 
JGRASP (Jain et al., 2006; Moreno and Joy, 2007; Moreno et al., 2004); 
concept/algorithm animation tools which may omit a particular piece of code in a 
program or make it available as pseudocode, such as MatrixPro and  JHAVÉ 
(Karavirta et al., 2004; Naps, 2005). Code visualization tools, sometimes called 
visual debuggers, such as DDD (Zeller, 2009; Zeller and Lütkehaus, 1996), focus 
on visualization of static structures or display the dynamic aspects of program 
execution. Algorithm visualization tools allow instructors to demonstrate algorithm 
simulation/execution directly (Pears et al., 2007).  
 
Programming environments have been developed which give access to the tools 
programmers must use to accomplish a task. Some of the sophisticated 
programming environments are classified as Integrated Development 
Environments (IDEs), such as Eclipse and NetBeans. An IDE designed for 
professional use can also be used in an education environment. However, for 
novices, the complexity of the tool may require them to spend more time learning 
how to use the tool. To counter this, several ranges of programming support tools 
have been designed specifically for novices to support the creation of programs 
within a standard execution environment (Pears et al., 2007). BlueJ (Kölling et 
al., 2003), DrJava (Allen et al., 2002) and JPie (Goldman, 2004)  are some of 
programming tools designed to support the learning of particular programming 
concept. These tools have features that are shared with professional IDEs but 
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some have specific programming features such as Interactive incremental code 
execution in DrJava (Allen et al., 2002), visualization in BlueJ (Ragonis and Ben-
Ari, 2005), and editing and support syntax in JPie (De Barros et al., 2005). 
 
Microworlds, interactive learning environment such as Alice (Cooper et al., 2000, 
2003; Johnsgard and McDonald, 2008; Powers et al., 2007), Karel the robot 
(Becker, 2001; Buck and Stucki, 2001; Pattis, 1981) and Jeroo (Sanders and 
Dorn, 2003a, 2003b) have been designed with the aim of decreasing the 
distance between novice mental models and programming languages (Xinogalos 
et al., 2006). A microworld is a conceptual model of some aspect of the real 
world (Hogle, 1995),  and most microworlds are designed to support the object-
first approach (Becker, 2001; Cooper et al., 2000; Sanders and Dorn, 2003b; 
Xinogalos et al., 2006). 
 
Intelligent tutoring systems (ITSs) have been developed to assist novices to learn 
how to program. ITSs provide individualized attention to novices needing to 
overcome learning difficulties (Anderson and Reiser, 1985; Anderson and 
Skwarecki, 1986; Butz et al., 2004; Ong and Ramachandran, 2000). Intelligent 
Programming Tutors (IPTs) assist novices to write programs for a given 
programming problem or debug novice programs and present the student with 
diagnoses of their errors (Pillay, 2003). The IPTs that assist novices to write a 
program for a given programming problem includes Lisp tutor (Anderson and 
Reiser, 1985; Reiser et al., 1985), RAPITS- Rapid Prototyping of an Intelligent 
Tutorial System (Woods and Warren, 1995), SIPLeS – Supporting Intermediate 
Smalltalk Programming Through Goal-based Learning Scenarios (San and Xu, 
1997) and MoleHill (Sherman et al., 1995). The Lisp tutor was developed 
specifically to provide individualized assistance to novice Lisp programmers 
(Anderson and Skwarecki, 1986), where Lisp tutor monitors novice inputs and, if 
it detects an error or if the novice is experiencing difficulties, it guides the novice 
into the right path (Pillay, 2003). SIPLes and MoleHill tutors were developed to 
help novice Smalltalk programmers. Other intelligent programming tutors that 
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debug novice programs are: PROUST (Johnson, 1990) debugs Pascal programs 
and INTELLITUTOR (Haruki, 2000) which debugs Pascal and C programs, to 
mention but a few. Most IPTs have been proven to be effective in assisting 
novices, however, not many IPTs are utilized due to the high developmental cost 
associated with building ITSs and the lack of shareable or reusable components 
for the construction of ITSs (Mizoguchi and Bourdeau, 2000). Furthermore, the 
IPSs are language and platform dependent and thus do not facilitate reusability 
(Pillay, 2003). 
 
Web-based programming learning environments have been developed to support 
teaching or learning of programming.  To mention a few, the ELP (Environment 
for Learning Programming) is an interactive web-based environment for teaching 
programming. The ELP allows novices to practice programming exercises by 
completing a partial computer program presented in a web page. Novices also 
have opportunity to receive guidance, if required, in getting their programs to 
compile and run (Truong et al., 2005).  The ALEA (Adaptive LEArning) is a web 
based programming environment based on LISP that support learning by 
generating sequence of programming examples that serve as exercise to 
novices. The sequence of these examples is adapted to the need of the learner. 
The program examples used in ALEA facilitate understanding of basic 
programming principles as they are presented as specific instance of program 
schemata (Bieliková, 2006). Hwang et al.(2008) designed web-based 
programming learning activities to enhance students cognitive development 
based upon Bloom’s cognitive taxonomy (Bloom et al., 1956), which we will 
explain in more detail in chapter 5. Hwang et al.(2008) also developed Web-
based Programming Assisted System (WPAS) to support the web-based 
programming learning activities.  The WPAS had online coding tool that was 
utilized in the “program gap filling”, “program debugging” and “code to solve 
problems” activities.  It also has an annotation tool for assessing the program and 
a tool for searching key words in the source code.  
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2.2.5 Provision of additional supports 
Apart from interventions in curriculum, ways of teaching, ways of assessing and 
research tools specifically designed for the needs of novice programmers, the 
other intervention was the provision of additional supports such as discussion 
classes,  web pages for programming units and help desks (Sheard and Hagan, 
1997); programming support centres (Stamouli et al., 2004); peer mentoring 
(D'Souza et al., 2008; Miliszewska and Tan, 2007; Miliszewska et al., 2008).  
 
Discussion classes have been used to strengthen the understanding of 
programming concepts introduced in lectures. Web pages for programming units 
are used to provide course information such as subject handbooks, staff 
timetables, lecture notes and class exercises to students. Help desk was set up 
mainly to give students supports outside class time and tutors were used to 
provide this support. Programming support centres aim to provide structured and 
individualized support to students, motivate students to improve programming 
skills and enhance personal academic success. The support centre is open at 
times during which the majority of students are able to attend, typically around 
lunch times and afternoons. The programming support centre is staffed by 
experienced programmers (Stamouli et al., 2004).  
 
The peer mentoring introduced by Miliszewska et al. and D’Souza at al. are both 
staffed by students recruited from among later year students. The peer mentoring 
classes are offered in addition to lectures, tutorials and laboratory classes and in 
a designated laboratory. In Miliszewska et al. the classes are offered every day 
of the week at the same hour while in D’Souza at al., classes start from 4th to 11th 
weeks of semester, and are staffed by volunteer students. The attendance to 
these classes are purely voluntary, however, students are encouraged to use the 
service. These additional supports aim to serve as a source of friendly 
professional feedback, to support new programming students and to increase 
interactions among peers, as studies show that students prefer to seek help from 
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other students first before seeking help from lecturers (Miliszewska and Tan, 
2007). 
 
Although provision of additional supports  as an intervention approach has shown 
to have had positive impacts on student learning, as the supports intend to 
increase student-to-student interactions, they only serve their purpose to 
students who are on campus (Maleko et al., 2012b).  Students spend less time 
on campus due to a variety of reasons, including working extra hours for paid 
employment to ease the financial hardships (Devlin et al., 2008). The only means 
of communication between students who are on campus and those who are not, 
is through asynchronous discussion boards in the LMS and via emails. We think 
there is a need to connect students together and increase student-to-student 
interactions in order to support their learning. The following subsection will 
discuss the importance of interactions in student success. 
 
2.3 Importance of interactions as explained by learning 
theories 
 
Interaction has long been a defining and critical component of educational 
process and context, but it is difficult to find a clear and precise definition of this 
concept in education literature (Anderson, 2003a; Hillman et al., 1994). 
Traditionally, interaction focused on classroom-based dialogue between students 
and teachers. The concept of interaction has been extended to include 
asynchronous forms of simulated dialogue, mediated synchronous discussions at 
a distance (e.g. audio- and video- conferencing), mediated asynchronous 
dialogue (e.g. computer conference), responses and feedback from inanimate 
objects and devices such as “interactive computer programs” and “interactive 
television” (Anderson, 2003b).  Interaction as defined by  Wagner (1994)  is 
“reciprocal events that require at least two objects and two events. Interaction 
occurs when these objects and events mutually influence one another”.  
Thurmond (2003) compiled the interaction definitions  offered  by Moore (1989), 
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Hilman et al. (1994) and Wagner (1994) to define interaction as “ … learner’s 
engagement with the course content, other learners, the instructor and the 
technological medium used in the course. True interaction with other learners, 
the instructor, and technology results in a reciprocal exchange of information. 
The exchange of information is intended to enhance knowledge development in a 
learning environment… ”. 
 
There is a long history of study and recognition of critical role of interaction in 
supporting and defining education, which dates back to 1916 when John Dewey 
referred to interaction as  the process that occurs when a student transforms the 
inert information passed to them from another student and constructs it into 
knowledge with personal application and value (Anderson, 2003a). In a typical 
classroom environment, a common element for learning is the social and 
communicative interactions between student and instructor, and student and 
student. The ability to ask questions, share an opinion with peers, or to agree or 
disagree with the point of view, are all learning activities. Students who 
experience higher levels of interaction have been shown to have more positive 
attitudes and higher levels of achievement than those who experience fewer 
interactions (Fulford and Zhang, 1993). In an online learning environment, the 
ability to interact is facilitated via  electronic bulletin boards, discussion boards, 
emails or synchronous chat areas (Anderson, 2003a; Picciano, 2002; Song and 
McNary, 2011).   
 
 There are three most common types of interactions discussed in literature, and 
specifically in distance education literature that involve interactions with content 
(student-content); interactions with instructor (student-instructor) and interactions 
with peers, also known as student-student interaction (Bates, 1990; Moore, 1989; 
Picciano, 2002; Song and McNary, 2011).  
 
Constructivists value interaction among learners as they believe that learners do 
not transfer knowledge from external worlds into their memories, rather, they 
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create interpretations of the world based on their past experiences and their 
interactions in the world (Applefield et al., 2000). Knowledge is viewed as a 
constructed entity developed by each individual learner (McMahon, 1997). 
According to constructivists, learning occurs when the learner attempts to make 
sense of their experiences, and interaction makes that possible (Dara-Abrams, 
2002). 
 
 While there are various schools of thought within constructivism, the two major 
schools of thought are cognitive constructivism and social constructivism (Kalina 
and Powell, 2010; Liu and Chen, 2010). Social constructivism regards interaction 
as an integral condition for learning (Osman and Herring, 2007). Interaction that 
leads to learning according to social constructivists, is a process of sharing 
perspectives and negotiating  meaning that leads to the construction of 
knowledge (McMahon, 1997; Osman and Herring, 2007). The social 
constructivist, largely influenced by Vygotsky, the founding father of social 
constructivism, believes in social interaction and that it is an integral part of 
learning (Kalina and Powell, 2010).  
 
According to Vygotsky (1978), learning is an activity rooted in social interactions. 
The way learners construct knowledge, reason, think and reflect is uniquely 
shaped by their interactions with others (Vygotsky, 1978).  Learning occurs as 
students exercise, test, and improve their knowledge through dialogue, 
discussions, collaboration, information sharing and interaction with others 
(Brodahl et al., 2007). Vygotsky postulates two levels of learning, the first level 
occurs through interaction with others and the second level occurs when 
integrating knowledge to an individual mental structure (Dara-Abrams, 2002). 
This learning occurs at the zone of proximal development or ZPD (Figure 2.1),  a 
zone or an area of exploration for which a learner is cognitively prepared (Cole 
and Wertsch, 1996). 
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However, in order for cognitive development to occur a learner must engage in 
social interaction with a more knowledgeable person (Gredler, 2012; Kalina and 
Powell, 2010; Kozulin, 2003; Vygotsky, 1986). In this zone, a learner is helped by 
a more knowledgeable person in learning a concept. The ZPD is sometimes 
defined as gap between what a learner can achieve independently and what can 
be achieved with the assistance or guidance of a more experienced other 
(Kozulin, 2003). 
 
 
Figure 2.1:  A visualization of Vygotsky Zone of Proximal Development (ZPD) 
 
As in the ZPD, a learner has to engage in a social interaction with a more 
knowledgeable peer for development of cognition, learning is thus a continual 
conversation with oneself and with other learners and teachers (Sharples et al., 
2007).  
 
The conversational theories of learning fit into the constructivist framework as 
their emphasis is on the learner as an active maker of meanings. The 
conversational theories look at the ongoing learner-teacher interactions and, in 
particular, Laurillard’s conversational framework (2002) describes learning as a 
process of coming to know through conversation. According to Laurillard, 
interaction between teacher and student is fundamental in the learning process. 
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Learning conversation operates at two levels, the lower level (action level) where 
the student is engaged in the goal oriented behaviour of trying to master the topic 
of learning while the teacher is providing the experiential environment for this to 
happen. This may include managing classes or tutorials, giving tests and 
assignments or delivering resources. Through this the teacher and student are 
engaged in an ongoing conversation. On the other hand, at the upper level 
(articulation level), student and teacher discuss the implication of the actions in 
order to make sense of the activities (Atherton, 2011; Laurillard, 2002; Sharples, 
2005; Sharples et al., 2010) . 
 
As the learners are continually on the move these ongoing conversations and 
social interactions among peers are increasingly supported by mobile 
technologies (Sharples et al., 2005). We next discuss the supports offered by 
mobile technologies in education. 
 
2.4 Mobile learning and its support in learning 
 
 Although for more than a decade the advancement of mobile technology has 
prompted researchers and educators to conduct research on mobile learning and 
how mobile technology could be used to enhance learning, the consensus about 
the definition of mobile learning has not been reached (Crompton, 2013; Laouris 
and Eteokleous, 2005; Traxler, 2007).   
 
Some authors attempt to define and conceptualize mobile learning in terms of 
devices and technologies; others do so in terms of the mobility of learners and 
the mobility of learning, and in terms of the learners’ experiences of learning with 
mobile devices (Traxler, 2009; van’t Hooft, 2013).  Although the majority of 
authors define mobile learning as learning through the use of mobile devices, 
that is, facilitation of learning and access of  educational content using mobile 
devices (Hwang and Chang, 2011; Keegan, 2005; Kukulska-Hulme et al., 2009; 
Litchfield et al., 2007; Mellow, 2005; Sharples et al., 2007). O’Malley et al. (2005) 
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defined mobile learning by considering the mobility from the learner’s point of 
view as “any sort of learning that happens when the learner is not at a fixed, 
predetermined  location, or learning that happens when the learner takes 
advantage of the learning  opportunities offered by mobile technologies”.    
 
Sometimes mobile learning is associated with ubiquitous learning (Ng et al., 
2010). In sum, the definitions of mobile learning have evolved from the 
perspective of technology to learner to context. However, as Koole’s framework  
(2009) illustrates, all three are important components. Technology is important as 
mobile devices, systems and technology become universally owned, accepted 
and used, with the meaning and significance of learning also changing (Traxler, 
2009). Learners are important because they are the ones to make meaning out 
of the combination of content, context and technology; and context is important 
as it includes classroom and other learning environments, as well as the 
connections between them that can be expanded by wireless mobile technology 
(Koole, 2009; van’t Hooft, 2013).  
 
There is a debate about which attributes should be included in a definition of 
mobile learning. However, from literature, it appears that pedagogy, technology, 
context and social interactions are the four central attributes (Crompton, 2013). 
Crompton provides a modified definition of mobile learning, previously defined by 
(Sharples et al., 2007), to include the four attributes as “learning across multiple 
contexts, through social and content interactions, using personal electronic 
devices”. 
 
We define mobile learning by considering two aspects, the technology and the 
mobility of the learner, that is, the environment in which the learner experiences 
learning. In this context, mobile learning is therefore any learning that occurs 
when a learner accessing educational related content is taking advantage of 
mobile technologies or is not at a predetermined location.  
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Research on the use of mobile technologies in education has shown how mobile 
technologies can offer new opportunities for learning that extend within and 
beyond traditional classrooms (Sharples et al., 2009). However, compared to 
other areas, research in mobile learning is still in its infancy, especially with 
regard to determining its impact in teaching and learning (van’t Hooft, 2013).  
 
Mobile technologies have been used to support different learning activities in 
different ways and in different learning contexts (both real and virtual). Laurillard 
(2007) offered a range of learning activities that mobile learning could support 
through mobile digital tools and environments such as exploring and investigating 
real physical environments, discussing with peers, sharing captured data, 
building, making, and modelling using captured data, testing and reflecting. 
However, the choice of learning activities depends on the learning objectives set 
to be achieved (Biggs and Tang, 2011). 
 
The earlier work of reviewing research on mobile learning effectiveness in K-12 
education by was done by Shin et al. (2007).  In their review they found that 
mobile devices were effective in organising, searching and expressing ideas; 
capturing and analysing scientific data; and communicating and collaborating. 
They also found some evidence of positive impacts on student motivation and 
achievements. Studies are increasingly focusing on the use of mobile 
technologies in individual subject areas, both inside and outside classrooms 
(van’t Hooft, 2013). In mathematics, Kalloo & Mohan (2011) and Lan, Sung, Tan, 
Lin & Chang (2010) found that the use of mathematics software on mobile 
phones or PDAs can increase student development of mathematical skills as well 
as metacognitive thinking knowledge about mathematics strategies. Mobile 
devices can also be successful in building learning communities for learning 
mathematics outside the classroom (Daher, 2010). With iPods and student-
created mathematics movies, learning of mathematics can extend beyond school 
(Franklin and Peng, 2008). Alexander et al. (2010) and  Fabian (2010) developed 
a mobile learning application to support collaborative activities and encourage 
 30 
mathematics talk and activities. In this way learning of mathematics was 
connected to everyday activities. 
 
Language learning is another area where researchers have pursued studies in 
the use of mobile devices such as phones and iPods for content delivery and 
collaborative learning (Kukulska-Hulme, 2010; van’t Hooft, 2013). Cheng et al. 
(2010) designed a mobile system “StudentPartner” to facilitate student 
collaboration of English learning in class and on campus. De Jong, Specht & 
Koper (2010)  explored how mobile media delivery can affect language learning 
by comparing two context filters and four content selecting methods. Kukulska-
Hulme & Shield (2008) aimed to  distinguish between using mobile devices in a 
more passive manner for learning content distribution and using them to 
encourage interaction of the second language learners in their target language  
environment. Thornton & Houser (2005) used web sites to explain English idioms 
and students were asked to  produced animations that show idioms’ literal 
meaning. Finally, the animations produced were evaluated by students using 
video-capable mobile phones. Another study identified strategies that used 
mobile technologies to effectively implement collaborative reading activities for 
elementary English was done by Lan, Sung & Chang (2007). They found that the 
use of mobile devices in collaborative reading activities reduces the stress 
experienced by students, facilitates student collaboration and  increases 
engagement with reading activities anywhere anytime. 
 
In supporting knowledge management and learning enhancement, Yau et al. 
(2010) used a diary to record user learning contexts in mobile learning 
applications, so that appropriate learning materials could be selected and 
distributed to users depending on their learning situations. Hung et al. (Hung et 
al., 2010) proposed a formative assessment design for integrating PDAs into 
ecological observations. Students were provided with PDAs that not only created 
a better learning environment but enhanced learning motivation. A 
comprehensive review of mobile learning in the context of tertiary education was 
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done by Cobcroft (2006), and another review for mobile learning projects was 
done by Trifonova (2003) and Frohberg, Göth & Schwabe (2009).  
 
Altogether, mobile learning offers a variety of opportunities to support and 
enhance teaching and learning. Mobile learning communities have convincingly 
demonstrated that mobile devices can deliver learning to people, communities 
and countries where other educational interventions have been too expensive, 
demanding or difficult (Traxler, 2012). Mobile devices can raise motivation for 
learning amongst disengaged learners through increased interactions, 
communications and information sharing (Attewell 2005; Cobcroft, 2006; Traxler, 
2009, 2011).  Through mobile technologies learners are engaged in a learning 
relationship with other learners that lead to collaborative learning, a characteristic 
that is also offered by social media (Minocha, 2009).  Our interest is in mobile 
learning which incorporates all mobile devices, includes learners who are mobile 
with or without mobile devices and in exploring how  mobile learning supports 
learners in their learning of programming. 
 
2.5 Social networking sites and their use in supporting 
learning 
 
Social networks have been in existence since the beginning of humankind as 
offline ones. Social networks can be loosely defined as groups of people who 
with some common interest or purpose have interacted in the past, and may 
have on-going relationships among members of the group (Staples, 2009). 
Membership in the network can be permanent, flexible or short term.  
 
The advances in technology in the past decades have made it possible to create 
social network applications and online social networks using electronic 
communication tools. These applications are web-based, and are part of Web 2.0 
evolution towards more collaboration via web. The application allow user to 
create a self-profile and connect to the other within the same application in order 
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to build and maintain a personal network. Users can upload, tag and share 
content that they have created, link others to a variety of web accessible content, 
and initiate or join other user groups based on common interests or goals 
(Lockyer and Patterson, 2008; Staples, 2009). 
 
Social networking sites (SNSs), regardless of their technological differences, 
size, scope or focus, are defined as “web-based services that allow individuals to 
(1) construct public or semi-public profiles within a bounded system, (2) articulate 
a list of other users with whom they share a connection, and (3) view and 
traverse their list of connections made by others within the system” (Boyd and 
Ellison, 2007). Social networking sites are increasingly embedded in the daily 
routines of everyday life, particularly of young adults in many places and in 
different social settings (Madge et al., 2009; Tufekci, 2008).  Depending on the 
need of the user, social networking sites can be used as places to “hang out”, to 
waste time, to learn about each other, to manage social life, as an environment 
for social exploration and to develop social networking skills (Selwyn, 2008). 
 
The rise to prominence of social networking sites in the lives of learners has 
prompted many researchers and educationalists to explore their educational 
potential. Social networking sites share many of the qualities of education 
technology, such as permitting peer feedback and their similarity to “social 
context of learning” such as the school or university (Selwyn, 2008) .The 
conversational, collaborative and communal qualities of social networking 
services reflects what is known to be good models of learning in that they 
encourage active participatory role of users (Maloney, 2007; Selwyn, 2008).  The 
qualities of social networking sites align well with social constructivist and other 
learning theories that consider learning as a social activity (Huijser, 2008). 
 
In education, research interest has been around student educational use of 
SNSs (Cao and Zhang, 2012; Ellison et al., 2007; Gray et al., 2010; Huijser, 
2008; Selwyn, 2007a, 2008), instructors’ use of SNSs in their pedagogic 
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practices (Gray et al., 2010; LaRue, 2012; Mazer et al., 2007; Meishar-Tal et al., 
2012; Wolf et al., 2012), the issues related to privacy and trust of SNSs (Dwyer et 
al., 2007; Griffith and Liyanage, 2008; Timm and Duven, 2008; Vorakulpipat et 
al., 2011), student and instructor perceptions and experiences on the use of 
SNSs for their learning  and teaching, respectively (DiVerniero and Hosek, 2011; 
Gaffar and Singh, 2012; Grosseck et al., 2011; Irwin et al., 2012; Jahan and 
Ahmed, 2012; Maleko et al., 2012b; Souleles, 2012; Tasir et al., 2011) and the 
issues related to instructor presence and instructor self-disclosure, which is the 
extent to which instructor reveals information about oneself in the social media 
(DiVerniero and Hosek, 2011; Johnson, 2011; Mazer et al., 2007; Strano, 2008). 
 
The educational benefits of social networking sites lie in their ability to connect 
students, support communication, interactions, content creation and sharing, 
provide peer feedback and engage learners in critical thinking (Carter et al., 
2008; Dalsgaard, 2006; Jahan and Ahmed, 2012; Mason and Rennie, 2008; 
Selwyn, 2007b; Selwyn, 2008). 
 
2.6  Facebook 
 
Facebook is a social networking site of choice of many. More than 90% of all 
social networking site users are Facebook users (Junco, 2013; Selwyn, 2007a). 
Since its inception in 2004, Facebook has attracted many users of all ages and of 
different backgrounds. By the end of December 2012, Facebook had an average 
of 1 billion active users per month (Facebook, 2012). Facebook, just like other 
social networking sites, allows users to connect and re-connect with old friends, 
create new relationships, organise events, play games and form groups around 
shared interests. Apart from being popular to internet users, Facebook is even 
more popular with college and university students. A study by the EDUCAUSE 
Centre for Applied Research found that 90% of university students use Facebook 
with the majority using it several times a day (Aydin, 2012; Dahlstrom et al., 
2011; Junco, 2013). As Siemens and Weller (2011) noted, the usefulness of the 
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social networking site is determined by the number of people using it. A more 
useful site will have more users. This shows that young adults find Facebook to 
be more useful than other social networking sites. 
 
The main usage of Facebook is for  social interactions, to maintain 
communication between users, to connect and re-connect with families and 
friends (Boyd and Ellison, 2008; Junco, 2013; Pempek et al., 2009).  Given its 
widespread diffusion among students, many scholars have outlined some 
benefits of using Facebook such as  
• to support teaching and learning (Anderson, 2009; Duffy, 2011; 
Greenhow, 2011; Halverson, 2011; Siemens and Weller, 2011). 
•  to engage student in learning (Maleko et al., 2012b; Ooi and Loh, 2010; 
Schroeder and Greenbowe, 2009).  
• to encourage communication between students and their teachers (Aydin, 
2012; Hew, 2011; Manca and Ranieri, 2013; Yang et al., 2011). 
•  to help students to adapt to a new life and culture, assist in nurturing 
socialization and building community amongst students, and supporting 
interpersonal communication skills development (Decarie, 2010; Madge et 
al., 2009; Ryan et al., 2011).  
 
Facebook is seen as an online knowledge-sharing network formed by 
interpersonal interactions (Charlton et al., 2009; Huang et al., 2010; Maleko et 
al., 2012b).  
 
Educators have used Facebook to support teaching and learning in individual 
courses such as in developmental reading (Bowers-Campbell, 2008), in medicine 
(Gray et al., 2010), in chemistry (Schroeder and Greenbowe, 2009), in  an ICT in 
education (Meishar-Tal et al., 2012; Sonja et al., 2009) and in language learning 
(Idris and Ghani, 2012; Kabilan et al., 2010; McBride et al., 2009; Wang et al., 
2011) to mention but few. Bowers-Campbell (2008) noted that the use of 
Facebook improved academic motivation among students that were enrolled in 
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the course as it offered potential for battling self-efficacy and poor self-regulation 
behaviours of the students. Bowers-Campbell recommended that Facebook can 
be used as a means to foster a sense of connectedness between students and 
the instructor in order to further increase self-efficacy and to offer a means for 
building peer support among students (Ryan et al., 2011). Gray et al. (2010) 
introduced Facebook groups to medical students to support the development of 
medical knowledge, skills and attributes. Gray et al. noted that a substantial 
number of medical students were giving more attention to using Facebook for 
study purposes, and that students turned to Facebook more than to the 
University LMS to support their group study. Students regarded Facebook as a 
social study space beyond the reach of university staff. According to students, 
Facebook was more appealing, simpler and easier to use than LMSs. Facebook 
made it easy for students to initiate study groups quickly and informally, 
exchange of learning resources, information and advice, and maintaining a sense 
of being in a learning community. However, the social nature of Facebook to 
support socialization could distract students from studying. Gray et al. (2010) 
concluded that if students are ready, motivated and willing to use Facebook 
educationally, then the unique environment that Facebook offers has the 
potential to enhance learning experience. We believe that a Facebook group 
could be a convenient and intrinsically motivating way to support peer learning.  
 
In an attempt to increase students’ communications and interactions Schroeder & 
Greenbowe (2009) used a course-related Facebook group for students enrolled 
in an introductory organic chemistry laboratory. Although these students had 
access to WebCT as learning management system, they hardly use it. The 
Facebook group was designed as an informal venue for students to ask 
questions related to their laboratory experiences and the instructor had access to 
the Facebook group. Schroeder & Greenbowe noted the number of posts on 
Facebook was nearly 400% greater than in WebCT, though only 41% of students 
joined the Facebook. Students used Facebook more frequently and dynamically 
than they did WebCT. They concluded that Facebook proved to be a good 
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medium for communication, and with proper promotion and management, it 
might be possible to observe broader student engagement with their learning. 
 
In language learning, Facebook is considered as a tool that “enhances 
communication and human interaction” (W.A.N.G, 2013). Tools with such 
characteristics can potentially be harnessed for language learning (Idris and 
Ghani, 2012; Robert, 2008). In order to participate in activities and functions 
provided by  Facebook, one  has to learn the language used and this makes 
Facebook a potential provider for English learning in higher education 
institutions. In the study conducted by Kabilan et al. (2010), students were able to 
learn new words, discover new words, build confidence, increase motivation and 
positive attitute towards learning English through holding casual discussions and 
chats with their Facebook friends. They concluded that learning of English in 
Facebook as an online environment  is  feasible. Ooi and Loh (2010) used a 
Facebook group to help students to learn the Chinese language. They found that 
Facebook enabled students to share course resources and provide comments. 
The use of events in Facebook allows the teacher to organise learning activities 
such as lesson observations. Other language learning that takes place in social 
networking sites such as Facebook are based on the creation and sharing of 
user profiles and content such as photos and videos, friends, instant messaging 
and comments (Harrison and Thomas, 2009), which all challenge users, and 
encourage them to learn more.  
 
2.6.1  Facebook as Learning Management System (LMS)   
The pedagogical, social and technological affordances offered by Facebook 
through its built-in functions have prompted some researchers to use Facebook 
groups as a LMS. Although LMSs possess several benefits for teaching and 
learning, such as the potential to increase student enrolments (Nunes and 
McPherson, 2003), promote interactions between faculty members and students 
(Lonn and Teasley, 2009) and “facilitate changes from passive to active learning” 
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(Herse and Lee, 2005), they often have practical constraints (Sanchez-Franco, 
2010). Existing commercial LMSs like Blackboard are expensive, resources in 
the present LMSs may not be accessible after a certain time and sometimes in 
the future one has to shift from current LMSs to new LMSs, and research shows 
that learning a new system is often a painful experience (Black et al., 2007). In 
our university, it is difficult and time consuming to login to the LMS. 
 
Wang et al. (2012) and Meishar-Tal et al.(2012), for example, examined how 
Facebook groups can be used as LMSs. In their exploratory study, Wang et al. 
used a Facebook group to post announcements, share resources, organise 
weekly tutorial sessions, and to conduct online discussions for mature age 
students enrolled in a graduate course at a teacher education institute. Wang et 
al. confirmed that the Facebook group had the potential to be used as a LMS 
substitute or supplement, as it allows making announcements, sharing of 
resources, participating in online discussions and weekly activities, all of which 
are basic functions of a LMS. Also, with Facebook groups, teachers have more 
control over using commercial LMS. However, Facebook did not support uploads 
of certain file formats directly, the chronological organization of posts in 
Facebook was not appealing to some students, and the privacy issues were 
raised by students who perceived Facebook as an unsafe environment for 
learning. According to Wang at al., the results implied that Facebook is more 
appropriate for young learners who are termed as “digital natives” (Prensky, 
2001), who accept new technologies easily compare to mature age learners 
termed as “digital immigrants”, who are usually more critical and reluctant to 
accept new technologies (Vodanovich et al., 2010). Digital natives are discribed 
as living lives immersed in technology. This immersion in technology-rich culture 
is said to influence the skills and interests of digital natives in ways significant for 
education. It is asserted, for example, that digital natives learn differently 
compared with past generations of students.They are held to be active 
experiential learners, proficient in multitasking, and dependent on 
communications technologies for accessing information and for interacting with 
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others (Bennett et al., 2008). The digital immigrants however, have encountered 
digital technologies later in life, are thought to be more challenged by technology 
and show less technological affinity and literacy (Waycott et al., 2010) 
 
Meishar-Tal et al. also used a Facebook group as a LMS in their case study for 
graduate students enrolled in the course, International Aspects of ICT in 
Education course. In their study they uploaded course learning activities in the 
Facebook group and these activities were assessed and contributed to the 
students’ final grades. According to their students, peer interactions through 
collaborative learning; communication with instructor through gaining assistance 
and clarification in the learning process, correlation with personal learning styles  
such as being initiative and proactive (prefer to ask questions) or being reactive 
(prefer to respond to questions) or being passive (prefer to read posts and press 
“like”), and seeing learning as intense, immediate and fast were major 
experiences with learning  in Facebook. However, students had difficulties in 
retrieving important information previously posted and students experienced 
heavy workload issues due to the intensive dynamics of the group activities 
compared to other courses that did not use Facebook. Nonetheless, the unique 
characteristics of a Facebook group led to their conclusion that Facebook group 
is not just an alternative to the LMS as proposed by  Wang et al. (2012) but has 
some major advantages over the traditional LMS in promoting collaborative and 
active learning if instructors take their roles in creation of learning dynamics 
seriously, that is, designing the tasks that motivate learners and providing instant 
and quality responses during the tasks. 
 
2.6.2 Student perceptions of using Facebook for supporting 
learning  
As university education is increasingly student focused, it is important to consider 
what students perceive of a technology before its integration into their learning 
(Irwin et al., 2012). Studies that evaluated student perceptions of using social 
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networking sites, specifically Facebook in learning, have reported that Facebook 
allows fostering of positive relationships among students, especially for students 
with similar age and interests, and increases learner motivation and engagement 
(Kabilan et al., 2010; West et al., 2009). It fosters active participation and the 
development of positive attitudes towards learning, which improves the quality of 
learning (Ellison et al., 2007; Kirschner and Karpinski, 2010). Through 
discussions in Facebook, students are involved in achieving the learning tasks 
and, therefore, knowledge is successfully transferred among them (Madge et al., 
2009). Facebook allows students to bring into effect multiple social interactions 
and to develop communication, cognitive and social competencies (Christofides 
et al., 2009; Ross et al., 2009). It develops interpersonal intelligence – the ability 
to relate to and understand other people and critical thoughts (Lampe et al., 
2008). Facebook increases individual responsibility and autonomy (Joinson, 
2008). According to Hew (2011) , Facebook helps students to create their own 
learning path, as they have at their disposal a varied set of instruments or 
applications and sources of information. Facebook allows students to take and 
interpret different roles within the network and  “cultivate tolerance” and respect 
for diversity (Ophus and Abbitt, 2009; Young and Quan-Haase, 2009). Self 
confidence and self-esteem are consolidated using Facebook (Bosch, 2009; 
Grosseck et al., 2011) and the communication between students and teachers 
outside the classes  are facilitated (Selwyn, 2009; Teclehaimanot and Hickman, 
2011).  Facebook allows students to form learning communities that may last for 
their entire university life (Arnold and Paulus, 2010; Bosch, 2009). 
 
2.7 Theoretical base of the research 
 
Learning is one of the most important activities in which humans engage. 
Learning is at the very core of the educational process and, therefore, 
philosophers and psychologists have sought to understand how learning occurs 
and how one person can influence the learning of another person. Learning 
theories are conceptual frameworks describing how information is absorbed, 
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processed and retained during learning (Illeris et al., 2002). There are several 
learning theories that have influenced educational research and practice, but the 
main learning theories are constructivism, cognitivism and behaviorism 
(Nagowah and Nagowah, 2009).  
 
Constructivism is a theory of knowledge that argues that humans generate 
knowledge and meaning from  interactions between their experiences and their 
ideas (Fosnot, 2013). Constructivism has two major schools of thought – 
cognitive constructivism and social constructivism (Kalina and Powell, 2010; Liu 
and Chen, 2010). Social constructivism focuses on the interdependence of social 
and individual processes in the co-construction of knowledge (Palincsar, 2005). 
Social constructivists claim that knowledge is first constructed in a social context 
and is then taken up by individuals (Eggen and Kauchak, 2004). According to 
social constructivists, the process of sharing each person's point of view—called 
collaborative elaboration (Van Meter and Stevens, 2000) results in learners 
building understanding together that wouldn't be possible alone. 
 
This study is based on the social constructivist framework of learning where 
creation of meaning or knowledge is considered as a process that exists each 
time learners wilfully interact with each other in the environment around them. 
Effective learning environments must support learners’ interactions as each 
learner forms a part of a community through communication and co-construction 
(Bronack et al., 2006). According to Vygotsky (1978), learning occurs first on the 
social level and next on the individual one. These principles of social 
constructivism are central to our study, as we aim to explore whether the 
opportunities offered by mobile technologies and social networks can support 
novices programmers in their learning of programming. These principles, in turn, 
will inform us how to support and engage learners meaningfully while interacting 
in an informal learning environment such as Facebook. The principles will also 
guide us in the process of choosing indicators and instruments suitable for 
analysing interactions among learners. 
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2.8 Summary 
 
In this chapter we presented the work of many other researchers and educators 
that relate to our research and provided a theoretical  base of our study. As 
programming is known to be a difficult subject to learn, and even to teach, due to 
its abstract nature, some researchers studied the characteristics of novices and 
examine how these characteristics affect their learning of programming. Other 
studies propose different interventions in curriculum, in assessments, in 
pedagogy or ways of teaching, and in the provision of additional support in order 
to help to reduce difficulties faced by novices, or to help in the learning of 
programming. In the provision of additional support, some studies look at 
increasing the three types of interactions –the student-content, student-teacher 
and student-student interactions, that are equally important for student success. 
However, the development of educational technologies  altered the way students  
interact with instructors and with content, and even with their peers. With the 
introduction of LMSs, students can access learning materials and recorded 
lectures online. This has decreased student attendance to lectures and other 
classes and, as a result, decreased student-to-student interactions.   
 
As mobile technologies and social media are continually forming a part of the 
daily life of contemporary university students, in order to increase student-student 
interactions, studies look at the use of mobile devices and social media in the 
teaching and learning, as these technologies facilitate communication and 
interactions among users. Studies have examined the pedagogical potential of 
the most popular social networking site, Facebook, as reported in this chapter 
and some have examined its potential as a LMS. Lastly, we reviewed student 
perceptions of using social networking sites, such as Facebook, for  supporting 
learning.  
 
The attractiveness of social networking sites and their potential to increase 
interaction between students, together with the opportunities that mobile 
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technologies offer in supporting communication and interactions anytime, 
anywhere, have prompted us to establish a course-related mobile social learning 
environment that brings together programming novices who are scattered in 
different locations for discussions, chat and brainstorming. We believe that 
through programming related discussions, chats and brainstorming, novices will 
become more engaged in the process of creating and sharing programming 
knowledge to support their learning and, at the same time, increase or reinforce 
their individual knowledge base. 
 
Following our argument in this chapter that the use of mobile technologies and 
social media  potentially improve learning, the next chapter describes our 
research methodology to address our research questions. The chapter details 
the environment that we propose, implement  and evaluate in our research – the 
Mobile Social Learning Environment (MSLE). The chapter presents the 
methodology and design, research participants, study phases, instruments of 
data collection and data analysis, and concludes with a discussion of research 
ethical considerations. 
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Chapter 3-  Using Mixed Methods Research 
to understand novice interactions in the 
Mobile Social Learning Environment 
This chapter explains the research methodology, research design and research 
methods utilized for data collection and analysis to pursue answers to our 
research questions. Central to these questions is the learning environment itself, 
so we begin by introducing the Mobile Social Learning Environment that we 
propose, design, implement and evaluate in this study. We present the research 
context, and explain the type of data we collect, as well as the instruments we 
use to collect and analyse the data. The chapter concludes with a discussion of 
the steps taken to secure participant information and research data. 
 
3.1 The Mobile Social Learning Environment (MSLE) 
 
As we explained in Chapter 2 (Section 2.5), while there is no single definition of 
mobile learning, the central principle applied to mobile learning is that it may be 
pursued “anytime” and at “anyplace”. By considering the technology that 
facilitates learning  and the fact that our novices may not be in a predetermined 
location, we have defined mobile learning as any learning that occurs when a 
learner accessing educational related content is taking advantages of mobile 
technologies or is not at a predetermined location.   
 
 As the mobility of the learner increases, the need for anywhere, anytime, 
information access and sharing also increases.  Moreover, mobile access to 
social networks has simplified learner interactions and awareness about learning 
processes in a learning community (De Jong et al., 2008). These learning 
interactions, when they occur between peers in a social network, may lead to 
social learning which occurs as a process of peers learning from one another or 
as an outcome resulting from  the interactions (Reed et al., 2010). 
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We design an environment in a social network that can be accessed by mobile 
devices or by novices who are not at a predetermined location for learning 
interactions that may lead to social learning and name it as a Mobile Social 
Learning Environment (MSLE), Figure 3.1. This environment is considered 
mobile because it supports the mobility of learners, that is, it is accessible 
anywhere, anytime. However, as we pointed out in Chapter 1, this study does not 
explore the impact of mobility on increasing interactions among peers or 
engagement with learning. The MSLE combines the mobile and social aspects of 
learning facilitated by mobile devices and social networking sites, for students 
who are in their early stages of learning programming (Maleko et al., 2012b). The 
mobile aspect of learning will include learning while the learner is not confined in 
a physical space and learning with portable devices, while the social aspect of 
learning will include learning from others through social networks. The mobile 
devices in our case will include mobile phones, smartphones, PDAs, tablets and 
laptops that are capable of connecting to Internet. 
 
In our research, we exploit the traits of digital natives to increase interactions 
among them, to connect with one another anytime, anywhere and to create an 
online learning community. Digital natives (Prensky, 2001) are characterized by 
being focused on “connectedness” and maintaining social interactions  (Cobcroft, 
2006), being in possession of an information technology mindset and highly 
developed skills in multitasking (Oblinger and Oblinger, 2005). In the MSLE our 
novices will be connected via a social networking site, Facebook, to a 
programming group dedicated to only those students enrolled in the 
programming course, for discussions, chats and brainstorming and for accessing 
course related material uploaded by themselves and researchers from time to 
time.  
 
Students will be able to access this environment while on the move (away from 
their usual environment) with or without mobile devices. Through this 
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environment students learn from one another, hence the name, Mobile Social 
Learning Environment.  
 
 
Figure 3.1: The Mobile Social Learning Environment (MSLE) 
 
3.1.1 The aims of MSLE 
 As we explained in Chapter 2, learning to programming is not easy, especially 
for students with no background at all, due to the abstract nature of the subject 
itself. We also explained the importance of student interactions in supporting 
learning of programming and presented additional approaches for interventions 
that have been developed to increase student interactions. However, most of 
these approaches require students to be on campus or at some predetermined 
location. The implementation of the MSLE aims to: 
• increase interactions among novice programmers by connecting them 
using social networking site Facebook, accessed via mobile devices such 
as mobile phones, smartphones, PDAs, tablets and laptops, and PCs. 
• increase engagement with the learning of programming through 
discussions, chats and brainstorming among novices. 
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• provide an informal  but familiar environment  for novices to exchange 
programming knowledge and to form a learning community. 
 
The MSLE is a course-related discussion environment that brings together 
programming novices anytime, anywhere, for discussions, chat and 
brainstorming. We hope that through programming related discussions, chats 
and brainstorming, novices will be engaged in the process of creating and 
sharing programming knowledge to support their learning and, at the same time, 
increase their individual programming knowledge base. 
 
3.2 Research  approach 
 
Since the research methodology and research design are guided by the research 
questions, we address the research questions outlined in section 1.4, with a 
“Mixed Methods” research methodology for data collection and analysis. Mixed 
Methods research is a class of research where the researcher mixes or 
combines quantitative and qualitative research techniques, methods, approaches 
or concepts into a single study (Johnson and Onwuegbuzie, 2004; Norusis, 2010; 
Onwuegbuzie and Leech, 2006) or series of studies (QSR International, 2010). 
Mixed Methods research is a research design with a methodology and methods. 
Mixed Methods research is based on the idea that the use of quantitative and 
qualitative approaches in combination provide a better understanding of a 
research problem than either approach alone (Christopher et al., 2004). Mixed 
Methods research approaches enhance a study by enabling supplementary data 
sets, either qualitative or quantitative, to be included (Jones et al., 2009; Zhu, 
2006). 
 
As we seek to explore, understand and describe novice perceptions and 
experiences of MSLE for their learning of programming, mixed methods 
approach will be useful as we expect to collect and analyse quantitatively and 
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qualitatively in each phase. We plan to explore and understand how novice 
interactions might differ between the MSLE and the LMS, and how we can 
describe and measure these interactions as meaningful. This will involve the use 
of qualitative analysis or content analysis to derive themes from the data which 
will guide us in understanding and presenting the information analysed. The 
themes may later be quantified and presented as quantitative data. 
 
Furthermore, we aim to propose as a contribution from this study, an instrument 
to assess programming knowledge and social presence projections in the novice 
interactions. This entails coding and category development – a qualitative 
approach; however, the testing of the instrument may involve coding of the 
qualitative data numerically.  At the end we provide guidelines to be used by 
instructors to incorporate the MSLE into the teaching and learning.  
 
In order to achieve the objectives of this study as outlined in section 1.3, the use 
of quantitative research methods only will be insufficient to deeply understand the 
research problems. The quantitative research methods involve collecting 
numerical data or converting data into numerical forms so that mathematically 
based methods can be used for analysis. In this type of approach it is difficult to 
uncover new or untouched phenomenon as the instruments of data collection 
mainly contain structure and closed questions (Creswell, 2002). 
 
The qualitative research methods focuses on describing a phenomenon in a 
deep comprehensive manner (Joy, 2007). It focuses on how people feel, what 
they think and why they make certain choices. These are expressed thorough 
discussions around certain concepts or ideas with open questioning or surveys 
with open ended questions (Schwartz and Sprangers, 1999). Although qualitative 
research methods can be time-consuming and require ample resources for data 
extraction and analysis, they yield rich data and present promising alternatives 
for hypothesis generation and for gaining a richer understanding of a 
phenomenon (Creswell, 2013; Schwartz and Sprangers, 1999). However, in this 
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type of approach it is difficult to operationalize empirical data, that is, difficult to 
make an abstract concept into more concrete and measurable. For these 
reasons we chose to use both methods, the qualitative and quantitative research 
methods. 
 
3.3 Research design 
 
 Our research follows the Convergent Parallel design of the Mixed Methods 
research, in which data (quantitative and qualitative) is collected concurrently in a 
single study, and analysis and interpretation quantitative data  will be done 
separately from qualitative data as shown in Figure 3.2. This is because the 
analysis of qualitative data will help us to further understand the results from 
quantitative analysis of the data. Finally, the results of both data sets will be 
reported. 
 
Following the convergent parallel design, we plan to collect  and analyse 
quantitative data such as the percentage of students with mobile devices, the 
percentage of students willing to participate in our research using their mobile 
devices, the percentage of students with accounts in social networking sites and 
the percentage of students who have previously used social networking sites to 
support learning. These data will help to explore the feasibility of our study.   
 
We collect and analyse qualitative data from open ended questions to be 
administered to collect novice perceptions and experiences of MSLE. Also, using 
qualitative approaches we analyse posts or messages generated from the MSLE. 
Figure 3.3 presents our research design following the Mixed Methods 
methodology. 
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Figure 3.2: Convergence Parallel design for a single study using Mixed Methods 
 
 
Figure 3.3: Mixed Methods research design for our study 
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From Figure 3.3, we start with the formulation of research questions, followed by 
selection of cohorts available for the study. This is followed by the design of the 
pre-survey, where quantitative and qualitative data are collected. Participants are 
then introduced to the MSLE and the post-survey is conducted at the end of the 
semester. Message data generated from the MSLE are collected quantitatively 
and qualitatively. At the end, all data are analysed and interpreted before 
reporting the findings. In this thesis, the word post and message will be used 
interchangeably. Hence, novice post or novice message will have the same 
meaning. 
 
3.4 Participants 
 
The participants for this study are novice programmers from RMIT University 
(RMIT) in Australia, the University of Dar es Salaam (UDSM) in Tanzania, and 
Open Universities Australia (OUA), all of whom are enrolled in introductory 
programming courses using the Java language. Novices from RMIT are on-
campus students, with a traditional mode of course delivery, with lectures, 
tutorials and laboratory classes. Novices from UDSM experienced a blended 
mode of course delivery, with facilitators providing face-to-face tutorials and 
laboratory sessions, but other content resources are accessed online. Novices 
from OUA are taught purely online mode of course delivery, with all learning 
materials accessed online only, Table 3.1. 
 
Table 3.1 Teaching and learning support for the participants 
Learning support RMIT  UDSM OUA 
Teacher directed hours per 
week 
 7  3  0 
Consultation  4  0 0 
Directed live chat hours 
(Elluminate chat) 
 0 0 2  
Mentoring       X    X 
Formal discussion forums Blackboard/Moodle       
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Novices from RMIT and OUA can access Blackboard which is organised by the 
lecturer as their learning management system, while novices from UDSM use the  
Moodle learning management system. The introductory programming course is 
run for a period of 12 weeks for RMIT and OUA, and 15 weeks for UDSM. 
  
Apart from lectures, tutorial and laboratory sessions, novices from RMIT have 
mentoring sessions which provide extra help outside  formal class times, staffed 
by second or third year volunteer students who have performed highly in 
programming courses. The PASS (Peer Assisted Study Sessions) are also 
available for RMIT novices, in which peer-guided sessions are provided for 
novices who do not grasp programming concepts from lectures or tutorials. 
Novices from OUA have live chat sessions which provide instant communication 
between them and instructors for instant clarifications of tasks or concepts. 
 
Most participants involved in this research are first year students aged between 
18 and 25, representing the generation termed as “digital natives” (Prensky, 
2001), who are more acceptable to new technologies, more focused on 
connectedness and maintainance of social interactions, possess an information 
technology mindset and highly developed skills in multitasking (Cobcroft et al., 
2006; Oblinger and Oblinger, 2005). Participation in the study is optional. 
 
3.5 MSLE set-up and implementation 
 
We employed a closed programming group based on the popular social 
networking site, Facebook, at the beginning of the semester for programming 
novices. We sent invitations to novices to join the group, including the plain 
language statement and consent form (Appendix B), via emails via  instructors of 
the OUA and UDSM novices. Novices from RMIT had a researcher to introduce 
the group during the lecture and plain language and consent forms were sent via 
email. Once students read the plain language statement, those who willing to 
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participate in the study were required to sign the consent form electronically by 
supplying a name and registration number.  
 
Students were allowed to use nick-names (alias) if they so preferred, but were 
required to email the group administrator their nicknames and real names so as 
to be accepted into the group as genuinely enrolled students. The use of 
nicknames or aliases was meant to make students feel free to express 
themselves, especially for shy students or those who would otherwise hesitate to 
ask general questions for whatever reason. 
 
Novices were able to use the MSLE as a supplementary learning environment to 
support their learning of programming for the entire semester (study period). 
There were no rules of engagement given to novices when they joined and 
except for the fourth study-phase, activities in the MSLE were neither moderated 
nor structured. During the entire time, we observed the discussions, chats and 
brainstorms, and perhaps from time to time, uploaded some materials related to 
programming for novices to read and practice. After the end of semester 
examinations, the discussion messages were extracted from the MSLE and 
analysed. 
 
3.6 Research  phases 
 
We conducted our research in four phases, Figure 3.4. Each phase was different 
in terms of what was implemented. The results of the analysis of phase 1 would 
inform the planning of phase 2 and so on, until phase 4. 
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Figure 3.4: The study phases 
 
3.6.1  Phase 1 
 We collected preliminary information on the feasibility of the concept of the 
MSLE including the willingness of novices to use it to support their learning of 
programming. We identified percentages of novices who own mobile devices, 
who were ready to use their own mobile devices to access social networking 
sites, who had accounts on social networking sites. Also, in this phase, novices 
provided their perceptions as to whether or not they thought that the use of the 
social networking sites could support their learning of programming. Their 
perceptions were important as they provided an insight into the proper 
implementation of the MSLE. This phase had three cohorts, cohort A or RMIT, 
cohort B or UDSM and cohort C or OUA. 
 
3.6.2 Phase 2 
Subject to Phase 1, in this phase we designed and built three MSLEs for RMIT, 
UDSM and OUA, after exploring their perceptions on the use of MSLE to support 
their learning of programming. At the end of teaching period, novices provided us 
with their experiences of using the MSLE, and the messages generated from the 
MSLE were extracted and analysed. This phase had three cohorts, cohort A or 
RMIT, cohort B or UDSM and cohort C or OUA. 
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3.6.3 Phase 3 
This phase incorporated some suggestions and ideas presented by novices 
during the second phase to improve the MSLE. At the end of the study period we 
again collected accounts of novice experiences with the MSLE and extracted and 
analysed messages generated from the environment. 
Based on novice opinions from Phase 2, we designed and introduced a 
Facebook application that contained programming quizzes for novices to 
practise, in order to increase engagement with their learning of programming. 
This phase had two cohorts, cohort A or RMIT and cohort C or OUA. 
 
3.6.4 Phase 4 
In this phase we modified the Facebook programming quiz App based on the 
experiences from the third phase. Also, based on the outcome of analyses of 
previous phases, we developed guidelines to implement the MSLE in delivery of 
the course. Only one cohort, cohort A or RMIT participated in this phase. 
 
3.7 Instruments for data collection 
 
The choice of instruments for data collection was strongly influenced by research 
questions. The following subsections describe the instruments used for data 
collection for each phase.  
 
(a) Pre-survey for the MSLE feasibility and novice perceptions 
We used a web-based survey (Appendix C) as instruments to collect information 
about the feasibility of the MSLE and novice perceptions of the MSLE.  The pre-
survey contained closed and open-ended questions in order to collect both types 
of data at the same time. Closed questions about the devices that novices used 
to access Internet and social networking sites; questions about types of devices 
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novice owned and Likert-scale types of questions were asked, to mention a few. 
The open questions for novice perceptions were very important to establish what 
novices thought about the MSLE, whether or not it might support their learning of 
programming. T they also provided reasons for why they thought that way. All 
these questions are available in Appendix A. The survey was administered at the 
beginning of a semester or study period for Phases 1, 2 and 3. 
 
(b) Post-survey for novice experiences 
We also used a web-based survey (Appendix D)  to collect novice experiences of 
the MSLE. The post-survey was administered at the end of a semester or study 
period after novices experienced the use of the MSLE for at least 10 weeks. This 
survey contains closed and open-ended questions. Closed questions sought to 
collect quantitative information about novice experiences such as the Likert-scale 
type of questions for novices to scale their experiences. The open-ended 
questions were for novices to report their experiences. The survey was 
administered for Phases 2 and 3. 
 
(c)  Novice messages from MSLE 
We designed a tool to extract messages from the MSLE, which also provided 
some simple statistical data such as total number of users, number of active 
users and number of messages posted at a given time in the MSLE. These 
statistical data are useful to determine social learning and novice levels of 
engagement. The tool extracts complete messages for thematic analysis and 
content analysis approaches, which we describe in the following section. 
 
3.8 Data preparation and cleaning 
Data preparation involved data entry, organizing, cleaning and processing. Data 
from the online questionnaires were extracted as text files and imported to PASW 
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statistical software (quantitative data) and NVivo 9 software (qualitative data) for 
organization and analysis. Messages extracted from the MSLE are saved as text 
files before being imported into NVivo 9 (QSR International, 2010). One 
approach to quantitative analysis used in this research (detailed in Chapter 5) 
involved searching for the occurrence of certain known keywords present in the 
questions asked by novices. In this approach we counted only the keywords 
appearing in the messages and grouped them (detailed in Chapter 5). In this 
case, noise words such as “in”, “on”, “the”, “is” were not involved in the search. 
However, their presence was need for the qualitative analysis.  
 
The qualitative analysis of the messages from the MSLE involves the use of 
thematic analysis and content analysis approaches. Messages in text files are 
imported into NVivo 9 for analysis. In each approach, the unit of analysis used is 
a complete message (Figure 5.1) and, as such, each message is read and 
understood by the coder before being grouped into its respective category. The 
qualitative approaches used require clear understanding of the messages before 
categorizing them; therefore, the presence of a noise word reference list is 
necessary. 
 
3.9  Data analysis 
We had a number of options available for analysing data depending on the 
nature of the data collected. Our study followed a Mixed Methods research 
design, such that both qualitative and qualitative data would be collected, and 
therefore, both quantitative and qualitative methods of data analysis were 
employed, to gain a better understanding of novice interactions in the MSLE and 
to answer the research questions. 
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3.9.1 Quantitative data analysis 
The PASW statistical software version 18 (Norusis, 2010) was used to analyse 
the quantitative data for this study. The data analysis consisted of descriptive 
statistics, chi-square tests and t-tests. The t-tests were used to compare novice 
perceptions and experiences of the MSLE in terms of engagement, interactions 
and usefulness in the learning of programming. The chi-square tests were used 
to test independence of some variables within the cohorts. Another quantitative 
data analysis technique was performed by using metrics on the messages 
extracted from the MSLE. The actual analysis method we devised will be 
explained in Chapter 5.  
 
3.9.2 Qualitative data analysis 
Several options are available in analysing qualitative data. These options include 
“keywords-in-context, word count, thematic analysis, classical content analysis, 
domain analysis, taxonomic analysis and componential analysis” (Onwuegbuzie 
and Leech, 2006). In order to understand the quality of novice interactions in the 
MSLE, we used a thematic analysis to analyse qualitative data for emerging 
themes and content analysis to describe the characteristics of data content. 
Thematic analysis is a method for identifying, analysing and reporting patterns 
(themes) while content analysis requires the researcher to note the type of data, 
develop categories of data and recognize linkages between categories. The 
process of content analysis consists of coding raw messages (textual material) 
based on two approaches. The first approach is called the deductive approach 
where the researcher begins the analysis with predetermined key words, 
categories or variables (based on relevant literature or other resources) and 
group the data using these variables. The second approach is called the 
inductive approach where the researcher first examines the raw messages 
without preconceived notions or categories. Researchers then note applicable 
content categories, keywords or patterns that may be used as the basis for 
forming categories for later qualitative analysis (Hsieh and Shannon, 2005; 
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Kondracki et al., 2002). It is most conveniently used with text data such as 
responses to open-ended survey questions (Hsieh and Shannon, 2005; Schreier, 
2012). We used NVivo 9 proprietary software to assist in organising, managing 
and coding processes in a more efficient manner. NVivo 9 is a qualitative data 
analysis software package that has been designed to work with very rich text-
based or multimedia information where deep levels of analysis are required 
(QSR International, 2010). 
 
3.10   Ethical considerations 
 
Informed consent is the key ethical consideration in our research. We obtained  
the informed consent of participants via web-based forms as the pre requirement  
for participation in the survey and in the MSLE. Novices needed to provide their  
informed consent after reading the plain language statement and consent form 
emailed to them. Novices who consent to participate in the study provided their 
names, student numbers and (preferred) nicknames, and then the pre-survey link 
and the link to MSLE was sent to them to complete and join our MSLE, 
respectively.  
 
Steps to maintain confidentiality and honour the rights of participants are 
important researcher responsibilities. As it was optional to participate in our 
research, novices were able to opt out of the research at any time. The MSLE 
was a closed group, therefore only enrolled and valid participants were invited to 
access and participate. The names (real and aliases) used in the MSLE were 
known to the researcher only, who was not a member of the teaching team. Data 
collected from the surveys and from MSLE was de-identified before being 
analysed. The survey site was accessed via the researcher’s email and 
password. Downloaded data from the survey was to be retained for 5 years and 
each MSLE would be deleted at the end of this research. Appendix E contains 
details of our ethics application and approval. 
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3.11 Summary 
 
In this chapter we have presented the MSLE – an environment in a social 
network that is accessed by mobile devices or by novices who are not at a 
predetermined location, for learning interactions that may lead to social learning. 
We have also presented several aims of the MSLE including connecting novices, 
increasing interactions and encouraging engagement with learning. 
 
We described the use of a Mixed Methods research methodology for our 
research to investigate novice perceptions and experiences and assess their 
discussions in the MSLE. In order to explore whether or not novice interactions in 
the MSLE are meaningful in the learning of programming, four research phases 
were designed. In each phase, both quantitative and qualitative data are 
collected, using pre- and post-surveys (Appendix C and D), for analysed.  
 
A tool to extract messages from MSLE was designed and used for extracting 
messages and for producing simple statistics such as total number of posts, 
number of active users, number of replies per topic, number messages with 
computer code, from the messages. These metrics are important for measuring 
social learning and student cognitive engagement. The extracted messages are 
later imported to NVivo 9 for analysis. 
 
The next chapter will report the findings about novice perceptions and 
experiences of the use of the MSLE in their learning of programming. Then 
Chapter 5 will detail our data analysis approaches – the discussion message 
assessment metrics, and thematic and content analysis approaches to explore 
novice interactions in the MSLE. 
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Chapter 4-  Novice perceptions and 
experience of the Mobile Social Learning 
Environment 
Our research aims to investigate whether novice programmers will support their 
learning of programming by using a mobile and social environment. Although 
several studies have shown that learning through the support of mobile 
technologies or learning through the support of social media has several 
advantages, especially in increasing student motivation, engagement and 
interactions, to mention but a few, it is difficult to generalise these findings as 
most of the studies were conducted once off, in local settings. Our research is 
conducted in four phases. 
 
In our attempt to find out whether mobile technologies and social media, such as 
social networking sites, can support the learning of programming, we first 
establish from novices themselves what they think about the use of mobile 
technologies and social media in supporting their learning of programming. As 
discussed in chapter 3, we designed a pre-survey (Appendix C) and administer it 
in the first three phases. We explored novice perceptions and their willingness to 
participate in our study in phases 1, 2 and 3, because in each phase we had 
different cohorts. The MSLE was implemented in phases 2 and 3, and then, we 
explored novice experiences with the use of the MSLE in supporting the learning 
of programming in these two phases, using a post-survey (Appendix D). From 
novice experiences we can determine whether or not they had meaningful 
interactions within the MSLE.  
 
The participants in our research were from three different universities with three 
different modes of teaching.  
Cohort A: RMIT-RMIT University, Melbourne, students studying “COSC1073-
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Programming 1” (Java language) course offered by School of Computer Science 
& IT in face-to-face mode with lectures, tutorials and laboratories. 
 Cohort B: UDSM-University of Dar es Salaam, Tanzania, students studying 
“Programming in Java” course offered by Department of Computer Science in a 
blended learning mode.  
Cohort C: OUA-Online University Australia students studying “CPT121-
Programming 1” (Java language) course offered fully online by RMIT University.  
The following sections present the analysis and findings from the various study 
phases. 
 
4.1 Phase 1 
In this phase we explored the feasibility of the MSLE, novice perceptions, 
willingness to participate in the study and readiness to use mobile devices and 
social networking sites to support learning of programming.  
 
Since the MSLE is an environment which can be accessed by mobile devices, 
we firstly wanted to know what proportion of these students had mobile devices 
for internet access. We asked students to select all devices that they owned from 
the list provided in the survey, which included mobile phones, smartphones, 
PDAs, laptops and desktop computers, and to indicate which ones they used for 
internet surfing. For students who had accounts on Social Networking Sites 
(SNSs), we asked them to list the devices they used to access SNSs. We were 
keen to know whether there are students who have previously used SNSs for 
academic purposes and, if any, would their past experiences affect their 
willingness to use SNSs to support their learning of programming?    
 
Since students could potentially have mixed opinions about the use of SNSs for 
academic purposes, we asked whether they would like to use SNSs for 
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supporting learning of programming and to mention the benefits or 
disadvantages they would expect of their use. For students who would like to use 
SNSs to support their learning, we asked them to list devices they would prefer to 
use. 
 
For Phase 1, cohort A has 259 students enrolled, while cohort B has 80 and 
cohort C has 248 students enrolled. The surveys were emailed to students and 
only 33 students (13%) of cohort A, 32 students, representing 40% of cohort B 
and 16 students (7%) of cohort C completed the survey. Seventy-nine percent of 
those who completed the survey from the three cohorts were aged between 18 
and 25 years and 90% were males. 
 
4.1.1 The feasibility of phase 1 
We explored the feasibility of the MSLE in terms of novice ownership of handheld 
devices, percentage of handheld devices capable of Internet access, social 
networking site membership and willingness to participate in our research. The 
following subsections present these in detail. All the data in the sections are 
based on the number of students who completed the surveys. 
 
4.1.1.1 Student ownership of handheld devices 
Of novices who completed the survey, 32 students (97%) from cohort A, 29 
students (91%) from cohort B, and 14 students (88%) from cohort C had 
handheld devices, such as smartphones, mobile phones, tablets or PDAs, Figure 
4.1. There was 100% ownership of mobile devices, that is, each student who 
completed the survey had either a handheld device or laptop or both. This 
correlates with studies done by Kennedy et al. (2008)  and Litchfield et al. (2007), 
which showed that at least 95% of university students own at least one handheld 
device.   
 
Of novices who completed the survey in cohort A, 16 (49%) students had 
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smartphones, 16 (49%) students had mobile phones, 29 (88%) students had 
laptops and 19 (58%) had home PCs. In cohort B, 2 (7%) students had 
smartphones, 27 (85%) students had mobile phones, 26 (82%) students had 
laptops and 2 (7%) had home PCs. 
 
 
Figure 4.1: Student device ownership by cohort 
 
Cohort C had 10 (63%) students with smartphones, 4 (25%) students with mobile 
phones, 11 (69%) students with laptops and 13 (82%) had home PCs.  Figure 
4.1 shows a general summary of student device ownership. We noted that only 
two students from cohort B had computers at home, but they also had laptops or 
mobile phones. 
 
4.1.1.2 Devices to access the Internet 
On the types of devices used to access the Internet, 27 students (82%)  from 
cohort A reported using handheld devices, 29 students (87%) using laptops, 18 
students (55%) using home PC and 28 (85%) reported using university 
laboratory computers for Internet access during laboratory sessions (Figure 4.2). 
In cohort B, 7 (22%) students used handheld devices to access internet, 26 
(82%) students used laptops, 5 (16%) students used university laboratory 
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computers and only one reported using a home PC. Cohort C had 9 (57%) 
students using handheld devices to access the Internet, 11 (69%) used laptops, 
13 (82%) used PCs from home and work. 
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Figure 4.2 Devices to access Internet (%) by cohort 
 
These results indicate that a large percentage of students not only had mobile 
devices but the devices were capable of internet access. However, at this stage, 
we did not know whether students were online anytime, anywhere or only when 
they were at home or at university or both. 
 
4.1.1.3 Devices to access social networking sites 
To access social networking sites, 22 (69%) students from cohort A, 13 (42%) 
students from cohort B, and 7 (59%) students from cohort C, reported using 
handheld devices. Laptops were used by 88% (28) of cohort A students, 81% 
(25) of cohort B students and 50% (6) of cohort C students. Desktop computers 
at university were used by cohort A and cohort B while work desktop computers 
were used by cohort C. Home desktop computers were used by cohort A and 
cohort C only (Figure 4.3).  
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Figure 4.3: Devices for accessing SNSs by cohort 
 
4.1.1.4 Social networking sites memberships 
Thirty-two students (94%) reported having accounts on social networking sites 
from cohort A. Thirty-one students (97%) from cohort B and 12 students (75%) 
from cohort C had accounts on SNSs. Cohorts A and B each had one student 
and cohort C had 4 students (25%) reporting having no account on any social 
networking site.   
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Figure 4.4 Students accounts in SNSs (%) by cohort 
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Of the students who had accounts on social networking sites, 27 (85%) students 
from cohort A, 27 (87%) students from cohort B and 11 (92%) students from 
cohort C, had Facebook accounts. Other sites, including Twitter, MySpace, 
LinkedIn, Renren, Google+ and Hi5 had fewer students. Facebook is the most 
popular social networking site (Nadkarni and Hofmann, 2012; Trancer, 2007)  
and Figure 4.4 shows a summary of these results. 
 
4.1.1.5 Novice willingness to use their own mobile devices 
Table 4.1 shows devices that novices preferred to use to access SNSs to support 
learning of programming. From the table, 14 (70%) students from cohort A, 31 
(97%) students from cohort B and 4 (50%) students from cohort C preferred to 
use mobile devices (handheld and/or laptop) only.  
 
Table 4.1: Preferred devices to be used by students to access MSLE. 
 Devices Cohort A Cohort B Cohort C 
Handheld only 3 4 1 
Laptops only  4 14 1 
Handheld and  Laptop 7 13 2 
Laptop and Desktop Computer 1 0 0 
Handheld and desktop computer 1 0 0 
Handheld and Laptop and Desktop Computer 3 1 1 
Desktop Computer only 1 0 3 
Total 20 32 8 
Mobile devices only  14(70%) 31(97%) 4(50%) 
Total respondents 33 32 16 
 
Overall, the results show that 61% of all respondents from the three cohorts were 
ready to use their own mobile devices, regardless of the internet connection 
charges. 
 
4.1.1.6 Student experiences with social networking sites for learning 
Regarding the experience of using social networking sites for academic 
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purposes, 16 students (50%) from cohort A reported to having previously used 
social networking sites for activities related to academics. Of these students, 9 
(57%) students used Facebook for discussing assignments, for research, and for 
coordinating group assignments. Other social media sites used included 
Polycount for 3D modeling, wiki pages for sharing information with group 
members, MSAUTech (a channel of Technical education) through Twitter, and 
CSDN (China Software Developer Network), a site for discussing programming.  
In cohort B, 22 (71%) students used social networking sites for academic 
purposes, 13 of them reported using Facebook. Others used other social media 
like Twitter, Skype, tutor2U and Yahoo!. Cohort C had only 4 (33%) students who 
used social networking sites for academic purposes. Out of the 4 students, 3 
used Facebook and one used Twitter. These results show that students were 
already using social media for informal learning, group interactions, sharing ideas 
and views and self-learning. 
 
4.1.1.7 Student willingness to use social networking sites for 
programming course 
Students were asked whether they would like to use social networking sites for 
discussions and brainstorming issues related to their programming course and 
also to give reasons for their answers. Twenty-three students (72%) of cohort A 
responded positively but 28% did not like to use social networking sites for such 
activities.  Cohort B had 31 (97%) and cohort C had 9 (57%) students who 
showed their interest in using social networking sites to support their learning of 
programming.  
 
 
Students who liked to use social networking sites for supporting learning of 
programming gave several reasons to support their answers. Their responses 
were analysed using NVivo 9 software, based on the inductive approach of 
content analysis (Hsieh and Shannon, 2005; Kondracki et al., 2002). Major 
themes identified out of 106 references included ease of access (25%); sharing 
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of knowledge, ideas and challenges (17%); interactions with other students 
(16%); instant feedback (14%); and learning anywhere, anytime (11%). However, 
other themes included: keeping University life separate from social life (7%); 
current facilities are enough (5%); distractions from other media on SNSs (2%); 
some students were not interested with SNSs in general (2%); and social 
environment are less credible (1%). The percentages used here are based on 
the number of references made to the theme. 
 
 
According to respondents, social networking sites provide easy access to 
discussions, easy and instant communications with other students, faster access 
to information, and easy ways to make friends.  
 
 
“I think it’s a great idea. Facebook groups should be set up for each 
course. It is good for several reasons. First it’s easier to login to Facebook 
and view discussions compared to what we have to go through just to get 
from Uni website to the discussion board in BB. Secondly it will be easier 
for students to socialize better and add each others as a friend unlike the 
discussion board where everyone is anonymous despite having their full 
name displayed. Not to mention, students tends to check their Facebook 
more than they do on BB”.  
 
According to students, using SNSs help them to share programming knowledge, 
ideas and challenges, easily.  
 
 “I will share ideas, get more knowledge about programming, to get 
solutions to some difficult programming questions”  
 
“I will gain new information and challenges from others in the site”.  
 
Through instant notifications when posts are made, students will receive 
immediate support for their problems. 
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“Responses are much faster than the uni discussion group  ... it's easier to 
use, and faster to get to - you receive a notification when you receive a 
reply which you don't get with the discussion groups.” 
 
According to respondents, there will be many more students logging in to social 
networking sites than to University learning management systems. Interactions 
among students will increase resulting in more participation and engagement 
with learning. 
 
 “It is easy to interact with people with different levels of knowledge. social 
networking  delivers a  post within  seconds  and  enhancing  chatting  
directly social   networks  such  as  Facebook  are  accessible  easily.” 
 
“Many people can contribute. This would help stimulate our thinking. 
Social Networking Sites are used very often by everyone. It would be nice 
to see some practical (academic) use for this. Blackboard is harder to 
access as compared to Facebook.”  
 
Since social networking sites are accessed anywhere, anytime, students thought 
that using them for learning would make learning of programming easier. 
“Wherever I am, I will be able to access other students’ views and ideas 
about the course.” 
“Articulating my understanding of the materials.” 
 
Ability to do more than one task at a time was also mentioned as a benefit one 
would get when having programming course discussions and brainstorming on a 
social site. 
 
 “Through using a SNS such as Facebook, when people use it to chat with 
friends it may allow them to access discussions more easily and therefore 
allow more opportunities to participate in discussions.” 
 
However, there were students who did not like to use social networking sites for 
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academic related activities. They maintained what Madge et al. (2009) also 
found, that  some students like to keep social sites separate from academic sites. 
Most of these students were satisfied with the current facilities offered for the 
course. 
 
 “Because I think it isn't the right place to go. You should be going on the 
uni site not a social networking site. If you go to a social networking site 
you more than likely talk to friends and relatives not work or study”.  
 
Distractions from other sources of media available on social networking sites 
such as games and advertisements were seen by some students as hindrances 
to learning. 
 
“I don't like Facebook, hi5 or twitter for discussions and brainstorming 
because frankly too much distraction and the whole setting don’t foster 
academic discussions not environment” 
 
4.1.1.8 Experiences with SNSs and willingness to use SNSs for 
learning of programming 
We further looked at students who had used social networking sites for academic 
related activities to find out whether they opted to use such media for the 
programming course. This would help us to understand whether having such an 
experience would in any way influence their willingness to use social networking 
sites to support their learning of programming. 
 
We learned from cohort A that 75% of students who had experience in using 
social networking sites for academic related activities were willing to use social 
networking sites for discussions, brainstorming and learning of programming. 
Sixty-eight percent of students who had never used social networking sites for 
academic purposes would use it for discussions, brainstorming and learning of 
programming. All 22 (100%) students from cohort B, who had experience with 
social networking sites for academic activities, would use such media again for 
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programming courses. For cohort C, 3 (75%) students out of 4 who had used 
social media for academic purposed would use them for programming course.  
 
These results were subjected to a chi-square test to further examine the 
relationship between the two variables: (a) having previous experience in using 
SNSs for academic purposes and (b) willing to use SNSs for learning of 
programming. As shown in Table 4.2  We found that the association between 
these two variables was significant in cohort B, X2 (1, N=32) =4.693, p<0.05 and 
was non-significant in cohort A, X2 (2, N=33) =1.125, p>0.05 or cohort C, X2 (1, 
N=16) =0.762, p>0.05. However, when we combined the results of the three 
cohorts and subjected them to a chi-square test, the overall results showed that 
the relationship between the two variables was significant X2 (1, N=81) =5.372, 
p<0.05. This shows that without considering the mode of teaching, students who 
have used social networking sites for academic purposes were highly associated 
with willingness to use social networking sites for programming courses. 
 
Table 4.2: Relationship between experience and willingness to use SNS Phase 1 
Variable Cohort A Cohort B Cohort C 
 X2 (2,N=33) X2 (1,N=32) X2 (1, N=16) 
Relationship between (a) having 
previous experience in using SNSs for 
academic purposes and (b) willing to 
use SNSs for learning of programming 
 
1.125, 
p>0.05 
 
4.693, 
p<0.05 
 
0.762, 
p>0.05 
All Cohorts together 
 X2 (1,N=81) 
Relationship between (a) having 
previous experience in using SNSs for 
academic purposes and (b) willing to 
use SNSs for learning of programming 
 
5.372, p<0.05 
 
4.2 Phase 2  
Participants for this phase were different from Phase 1, and therefore, we started 
by exploring the feasibility of the MSLE, which included novice willingness to 
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participate in the study and readiness to use the MSLE to support learning of 
programming. We then gathered novice perceptions and introduced the MSLE 
(Figure 4.5) to novices. At the end of the semester, using the post survey 
(Appendix D), we gathered novice experiences with the MSLE. 
 
 
Figure 4.5: The Facebook group page (MSLE-page) 
 
Cohort A had 150 enrolled students, cohort B had 120 and cohort C had 320 
enrolled students. From cohort A, 45 enrolled students representing 25%, 89 
Facebook Programming quiz App 
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students (74%) from cohort B and 49 students (15%) from cohort C volunteered 
to complete the pre-survey. The ages of participants for this phase are shown in 
Table 4.3. We used the same name to represent participant cohorts, that is, 
cohorts A, B and C will mean those students who volunteered their participation 
in the research by completing our surveys.   
 
Table 4.3:  Age and gender for Phase 2 participants 
 Cohort A Cohort B Cohort C 
Age (%) 
Below 18 years 0 0 0 
18-25 years 83 92 23 
26-35 years 13 8 43 
36-45 years 4 0 22 
46 years and above 0 0 12 
 
    
Gender Male 87 71 71 Female 13 29 29 
 
 Although we referred to these students as novices, from our definition in section 
2.1, some did not consider themselves as novices as they had previous 
experience in programming. There were 42% from cohort A students who 
reported to have developed some software code, and as such, they considered 
themselves to be intermediate programmers. The same was evident for cohorts 
B and C, where there were 5% and 27% of students who considered themselves 
as intermediate programmers, respectively. 
  
4.2.1 The feasibility of phase 2 
In this phase we noted that the majority of students had handheld devices and 
laptops. Cohort A had 91% of students with Internet-accessible handheld 
devices; cohort B had 90% and cohort C had 87%. Some students had laptops 
only, while others had laptops and home-based desktop computers. Cohorts A 
and C had higher percentages of students with smartphones than cohort B, but 
cohort B had a higher percentage of students with feature phones (mobile 
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phones that incorporate features such as the ability to access the Internet and 
store and play music but lack the advanced functionality of smartphones). All 
students from cohort A had Internet-accessible mobile devices (handhelds and 
laptops).  Only 9% of students from cohort B and 16% of students from cohort C 
had no Internet-accessible mobile devices. 
 
We noted that more than 90% of students from each cohort had accounts on 
social networking sites, with more than 75% being accounts on Facebook. 
Students used different devices to access these accounts. More than 50% of 
students from each cohort had been using mobile devices (handheld or laptop) to 
access their accounts in social networking sites. Most of these students 
considered themselves as “always online”, reflecting the true characteristics of 
digital natives (Prensky, 2001). Cohort A had more than 50% of students 
reported themselves as being online 24/7, while cohort B had 28% and cohort C 
had 41% of students who were online anytime anywhere. 
 
Cohort A had only 69% and cohort C had 67% of students willing to participate 
further in the study. Cohort B students were more interested with this study with 
99% of them volunteering to access the MSLE and continue further with this 
research. Compared with cohort A, cohort B had fewer opportunities for student-
to-student interactions and had Internet access problems within their university. 
However, 96% of students from cohort B were ready to use their mobile devices 
(handheld or laptop) to access the MSLE while only 56% from cohort A and 57% 
from cohort C were ready to use their own mobile devices for the study. 
 
Student experience of using social networking sites for academic purposes were 
noted to be 29% from cohort A, 30% from cohort B and 36% from cohort C. We 
noted fewer experiences with using SNSs for academic purposes compared to 
novices in Phase 1. However, willingness to use SNSs to support their learning 
of programming was higher. Cohort A had 73%, cohort B had 98% and cohort C 
had 75% of students willing to use SNS to support their learning of programming, 
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although, as we noted above, the willingness to participate in the study was 
much less for cohorts A and C. The relationship between these two variables 
was significant when the chi-square test was applied to cohort A, X2 (4, N=45) 
=33.757, p<0.01, but insignificant for cohort B and C. When the response from 
the three cohorts were combined, the relationship was significant, X2 (4, N=183) 
=85.268, p<0.01.  
 
The inductive approach of thematic analysis of the student responses as to why 
they thought the use of SNSs would support the learning of programming, 
yielded several themes, including ease of access, sharing of ideas and 
knowledge, familiar environment, popularity of Facebook, provide and receive 
help, friendships, feedback and structure of Facebook posts. The ease of access 
to SNSs as compared to university LMSs, where one should go through multiple 
layers just to log in, was among the themes which emerged. The sharing of ideas 
and knowledge and experiences from more IT knowledgeable students was seen 
as a benefit. Facebook is a familiar environment as many students used SNSs 
for social interactions, hence large groups of students would potentially be 
available for chats and discussions, with frequently asked questions will be 
addressed.  
 
“Broader understanding of material, different opinions and views on ways 
to solve problems, understanding the way people see the same problem 
being solved and general advice when you’re lost”. 
 
The popularity of SNSs, such as Facebook, also contributed to the benefits that 
were seen by students in supporting the learning of programming. Being popular, 
students thought that many students would be willing to participate in the 
discussions. In social networking sites, students were able to provide and receive 
help from each other. By giving help, students thought it consolidated their 
understanding of the concepts involved, and, by receiving help when they were 
stuck, would help to move on quickly.  Another theme was friendships. According 
to students, SNSs would facilitated the formation of new friendships and 
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maintenance of old ones. 
 
 “Social networking site is a good way to establish friendships or 
connectivity that I may not otherwise have the opportunity to establish.” 
 
Instant feedback from students was another theme. Students thought that they 
would receive instant feedback due to the fact that many students were using 
SNSs accessed through mobile devices; this would increase the chances of 
questions being seen and addressed. 
 
“FB [Facebook] is never down; the responses are usually immediate as 
people are able to access it from any device. This stops the "waiting" 
game.” 
 
Facebook organises threads in a chronological structure, with the latest posts 
appearing ahead of other posts. According to students, this makes it easier to 
follow posts and is less confusing. 
 
“I think it’s just less confusing than the discussion forum, and you’re more 
aware of updates.” 
 
Some students (minority) in this study, however, saw the use of SNSs for 
supporting their learning to not be of any benefit, as some could not afford mobile 
devices capable of accessing SNSs. Some students thought that SNSs are not 
meant for academic purposes. SNSs are for social interactions only, and they 
felt, furthermore, SNSs are not for everyone. Some preferred to use the available 
support saying they are adequate to support their learning. 
 
4.2.2 Novice perceptions of the MSLE 
Before we implemented the MSLE, we were keen to know what students thought 
about this environment in supporting their learning of programming. We 
presented scenarios of the MSLE in the pre-survey and asked the following 
question: Do you think the mobile social learning scenarios expressed can 
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support you in your learning? Can you give us reason(s) for any response on this 
question? 
The MSLE Scenarios: 
1. Suppose you have attended a lecture for this course and you had a 
question to ask but you could not ask it during the lecture. Before 
attending consultation or tutorial or laboratory sessions, or wait until the 
next lecture to ask the question or post the question to a blackboard 
discussion forum, you decide to post the question on a social networking 
site like Facebook or MySpace programming group page, so others 
(students, tutor, and mentor) may answer your question instantly. 
 
2. Suppose you were studying programming questions for the assignment 
and you had a doubt. On your way home, while chatting with your 
friends/classmates on your phone, you decide to ask them for clarification. 
They tell you that the same question was asked by a student on Facebook 
or MySpace programming group page. You decide to check on the site to 
clear your doubt. 
 
3. Suppose on your way home, using your mobile device, you login into 
Facebook or MySpace programming group; you start to study the 
questions uploaded on the site and try to answer them. You come across 
a sample program that you would like to run it, to study the output. You 
decide to type the code in your laptop, compile and run it. 
 
 Although the scenarios were not exhaustive, 79% of students from cohort A, 
90% of students from cohort B and 92% of students from cohort C agreed that 
the MSLE would support their learning of programming, see Figure 4.6.  
 
Students gave their reasons to support what they thought about the MSLE in 
supporting their learning. We analysed their responses using NVivo and 
employed an inductive approach for content analysis. The following themes 
emerged from their responses: instant access, instant feedback, interactions, 
mobility, knowledge sharing, costs, device capability, procrastination, 
collaboration, communication and motivation, cost of devices and distractions. 
 
Instant access to discussions was considered to support learning by the majority 
of students. Access to social networking sites was considered faster than access 
to LMSs, regardless of the device. Students thought that with instant access 
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many students would prefer to post their questions to the MSLE rather than in the 
LMSs. Popular social networking sites have notification systems that alert users 
about activities associated with their accounts. 
 
Do you think the Scenarios will support your learning? (%)
0
20
40
60
80
100
Cohort A Cohort B Cohort C
No, it cannot support my learning Yes, it can support my learning
 
Figure 4.6: Novice perceptions of the MSLE to support learning 
 
Facebook automatically notifies members when something has been changed, 
so members know when and what changes have occured. Notifications of what 
and who posts a question or an answer were considered as the sort of feedback 
that would support learning in this environment.  
 
Since the majority of students were already familiar with social networking sites, 
they thought there would be more students in this environment, friendships would 
be formed and questions would be answered instantly. With instant access to 
discussions and mobility of devices, procrastinations would be minimized. They 
would post questions whenever, wherever they have them and wherever they 
source them from, which is not the case with the LMSs, as they cannot easily 
access them from their smartphones. Students expect to get more help from 
others in social networking sites, as the environment is expected to be more 
relaxed and familiar. 
 79 
 
Anytime, anywhere collaboration was seen as an advantage by many students. 
As there are many students with accounts in social networking sites, such 
environments will have many students, hence interactions would increase. 
Students thought that through sharing knowledge and ideas, they would have 
peace of mind as they would discuss their problems with each other and each 
would know what the other is doing, what problems are faced by others, etc. 
 
A five-point Likert-scale question was provided in the pre-survey for novices to 
rate themselves about the extent to which they agreed that the MSLE would 
“encourage them to engage with their learning of programming”, “encourage 
them to interact with others” and “be useful for their learning”. The mean scores 
(m) from the five-point scale showed that students from the three cohorts tended 
to agree that the MSLE would encourage them to engage more in learning of 
programming (mA=3.89, mB=4.43 and mC=3.98). The environment would 
encourage them to interact with other students (mA =3.68, mB =4.45 and mC 
=3.85); and that the MSLE would be useful for their learning of programming, (mA 
=3.81, mB =4.48 and mC =4.06) for cohorts A, B and C, respectively.  
 
On the other hand, fewer than 22% of students from each cohort thought that the 
MSLE would not support their learning. Some, the minority, did not have mobile 
devices capable of connecting to the Internet and the cost of an internet 
connection was to some extent a hindrance. Other students did not like the idea 
of using social networking sites for academic activities. For them social 
networking sites are purely for entertainment. Distractions from other media 
available on social networking sites like games, advertisements were seen as a 
drawback to learning. 
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4.2.3 Novice experience with the MSLE 
Three MSLEs were established for the three cohorts. Cohort A began their 
course first, in July 2011, while cohort C commenced in August 2011 and cohort 
B in September 2011. Each cohort was treated independently and had their 
course-related documents loaded into their respective LMSs. Students were 
encouraged to upload programming related links and materials so that other 
students could discuss their issues around those materials or pursue further 
information in their own time. During the last week of each teaching period, we 
administered post-surveys where we asked novices to describe their experiences 
within the MSLEs, whether or not the MSLEs had increased their engagement 
with the course materials or interactions with each other or the MSLEs had been 
useful for their learning of programming. 
 
Each cohort had its own MSLE. Cohort A had 105 students using the MSLE, out 
of these, 33 (31%) completed the post-survey. Cohort B had 101 students in their 
MSLE and 38 (38%) completed the post-survey. Cohort C had 266 students, of 
which 35 (13%) completed the post-survey. The following subsections report 
novice experiences based on the analysis of the post-surveys. 
 
4.2.3.1 Student engagement with learning in the MSLE 
We asked students the following questions:  Do you think having this social site 
group has increased your engagement with learning of programming? Can you 
briefly explain your answer?  
 
Seventy-eight percent of students from cohort A, 97% from cohort B and 71% 
from cohort C agreed that having this social site group increased their 
engagement with learning of programming, (Figure 4.7).  
 
According to students the environment increased their engagement as they 
participated in answering questions that were posted on Facebook group, which 
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also reinforced what they had learned. Some students appreciated corrections 
that others made to their posts as this was a useful way of learning. 
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Figure 4.7: MSLE and novices engagement with learning by cohort. 
 
The tips and directions in approaching problems given by other students 
motivated some to engage more in learning. Instant feedback from students who 
were online made some students appreciate the environment and made them 
gain a lot of programming knowledge. Knowing who was struggling with what 
made some students engage more as they found themselves not alone in the 
struggle, especially during assignments. The ability to communicate with fellow 
students anytime anywhere was useful to some students and motivated them to 
ask questions or to answer questions whenever possible.  
 
On the other hand, engagement with learning for some students was not 
influenced by these environments. Most of these students did not find any 
difficulties in learning programming; some were there to help others, and 
indirectly engaged with learning. 
  
“Programming all comes really easily to me - it all makes sense, so I don't 
think the group has influenced my own learning - but I have helped others 
via the group, so that should be accounted for I guess?” 
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4.2.3.2 Student to student interaction in the MSLE 
Students were asked the following questions: Do you think having this social site 
group has increased your interactions with other students? Can you briefly 
explain your answer? 
 
Based on the number of students who answered the above question in the post-
survey from each cohort, 75% from cohort A, 95% from cohort B and 88% from 
cohort C noticed their interactions with each other increased through this 
environment, (Figure 4.8). Although cohort A students had more opportunities for 
interactions than others, as they had access to mentoring sessions, 66% found 
themselves interacting more in the MSLE than in the LMSs. Eighty-four percent 
of cohort B students reported more use of the MSLE than Moodle. Online 
students, cohort C, had Blackboard discussion forums and a weekly Elluminate 
chat session, but 80% of students reported use of the MSLE for discussions in 
preference to Blackboard and Elluminate, and they found interacting more in the 
MSLE than in Blackboard. 
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   Figure 4.8: MSLE and Novices Interactions by cohort 
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According to the students the MSLE provided instant access to discussions, and 
enabled them to feel free to ask questions. They felt they had a more relaxed 
environment for discussions and chats, and they asked other students for help 
which they might otherwise not have done in person or via Blackboard or 
Moodle. 
 
“I have spoken to students via Facebook who I otherwise would not have 
talked to” 
 
“Friendly common community to ourselves allows interaction to be easier 
within our course and therefore lessens the difficulty finding people to ask” 
 
Some students managed to make more friends not only for this course but also 
beyond. Students, through giving and receiving help, found themselves 
interacting more in this environment. 
 
“I have made new friends and have enjoyed learning more.” 
 
“Now I know more people who r studying the same course as me. And we 
can help each other” 
 
 “During first semester I had almost nothing to do with other students 
besides my immediate friends, but with this FB [Facebook] group i've 
actually just had some conversations with people I didn't know - helped 
out a few people I wouldn't have been able to otherwise”. 
 
Some students were encouraged to collaborate through interactions within the 
MSLE. As more students logged in to social sites, whatever was posted was 
seen and usually answered instantly. The MSLE was therefore convenient to 
some students.  
 
“Discussing questions with students that I may not understand, also 
finding others that are in the same position as me and working together to 
get through it.” 
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“It's more convenient. Nowadays, people login to social site like Facebook 
every day. Any question post in the group will be notified by all members 
as soon as they log in.” 
 
Students who did not find their interactions increased through the MSLE reported 
themselves to have not been active or not having used social sites much.  
  
The mean score (m) results from post-surveys, on a five-point Likert-scale, also 
supported what students reported in the open-ended questions. The mean 
scores showed that students from the three cohorts tended to agree that the 
MSLEs had encouraged them to engage more in learning of programming, 
(mA=4.09, mB=4.63 and mC=3.96); it had encouraged them to interact with other 
students (mA =4.00, mB =4.68 and mC =4.03); and it had been useful for their 
learning of programming (mA =3.84, mB =4.70 and mC =4.42) for cohorts A, B and 
C, respectively.   
 
We conducted independent sample t-tests to compare student perceptions and 
experiences with the MSLEs in terms of increased engagement, interactions and 
useful in learning of programming. The independent sample t-test was conducted 
to find whether the mean scores of what novices perceived of MSLEs in terms of 
engagement, interactions and its usefulness in learning of programming, differed 
significantly to their experiences with the MSLEs. However, the results showed 
the difference in mean scores between what students perceived about the MSLE 
and what they reported as their experiences was not statistically significant at the 
5% level (Table 4.4). This meant that student experiences of MSLEs did not differ 
significantly from what they perceived. However, more than 70% of students from 
each cohort found themselves engaging more with their learning of programming 
and interacting more with each other in the MSLEs, a key finding. 
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Table 4.4: The independent sample t-test 
 Cohort A Cohort B Cohort C Sig. t-test 
 
Pre-
survey 
Post-
Survey 
Pre-
survey 
Post- 
Survey 
Pre-
survey 
Post -
Survey (2-tailed)  
Learning anywhere anytime  in the 
MSLE will encourage me to engage  
more in learning of programming / 
MSLE encouraged me to engage 
more in learning programming 
3.89 4.09 4.43 4.63 3.98 3.96 .657 -.479 
MSLE will encourage me to 
interact with other students / The 
use of Facebook Group has 
motivated me to interact more with 
other students 
3.68 4.00 4.45 4.68 3.85 4.03 .492 -.755 
Interactions with other students will 
useful for my learning of 
programming / Interactions with 
other students have been useful for 
my learning of programming 
3.81 3.84 4.48 4.70 4.06 4.42 .560 -.636 
 
4.3 Phase 3  
 
The aim of this phase was to introduce to novices a Programming quiz Facebook 
application, (Figure 4.9), as a means to increase engagement with the learning of 
programming. This application was introduced as a result of feedback collected 
from phase 2. The Facebook application had multiple-choice questions (MCQs) 
arranged in weeks (3 to 10), mid-semester sample MCQs and short answer 
questions. The weekly MCQs were designed to follow the course materials 
covered during the week. While answering the questions, novices were asked to 
rank the questions as “easy”, “medium” or “hard”,(Figure 4.9). These levels of 
difficulty (easy, medium or hard) would convey important information to 
instructors. However, novices were allowed to skip any question if they did not 
know the answer. If a question was skipped several times, that could mean that 
the concept that was being tested in the question was either not understood or 
the way the question was set was not clear. Once novices submitted their 
answers, they received feedback as to whether their answers were correct or 
wrong and they also had opportunity to provide further comments about the 
question at hand (Figure 4.10).  
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           Figure 4.9: Facebook programming quiz application- index and question 
pages 
 
The group administrator’s page of the Facebook programming quiz ( Figure 4.10) 
shows some statistics for the questions that were answered or skipped. The 
statistics include a column showing the number of times the question was 
answered, how many times the question was correctly answered, wrongly 
answered or skipped. Finally, they include the number of times the question was 
rated and its average rating. Here the instructor can see which questions, if any, 
are causing the most problems for students, as questions 3 and 8. 
 
We had two cohorts involved in this phase. Cohort A had 250 students enrolled 
into the course and cohort C had 320 enrolled students. Thirty-six students from 
Cohort A, representing 14% and 49 students (15%) from cohort C volunteered to 
complete the pre-survey. Cohort A had 89% of students aged between 18 and 25 
years and the rest were between 26 and 45 years with 94% being males. Cohort 
C had 75% males, and 25% of participants were aged between 18 and 25, 12% 
were aged between 26 and 35 years, 44% between 36 and 45 years and 19%  
were 46 years and above. There were 78% of students from cohort A and 75% 
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from cohort C who reported  that they had previous knowledge of programming 
before enrolling in the course. 
 
  
  
Figure 4.10: Submission & comments page and admin page of the Facebook 
programming quiz application 
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4.3.1 The feasibility of phase 3 
In this phase we noted that the majority of students had handheld devices and 
laptops, the same as for phases 1 and 2. Smartphones were owned by 89% of 
cohort A and 88% of cohort C. Smartphones and laptops were owned by 83% of 
cohort A and only 25% of cohort C. Seventy five percent of cohort C students 
owned home PCs. Smartphones and laptops and home PCs were owned by 
50% of cohort A and 63% of cohort C. The majority (83%) of cohort A used 
smartphones only to access the Internet. Smartphones, laptops and home PCs 
were used by 22% of cohort A and 56% of cohort C for Internet access. 
University PCs were used by 22% of cohort A who also had laptops and 
smartphones for accessing the Internet, while 27% of cohort A used 
smartphones, laptops, home PCs and University PCs. Only 8% of students from 
cohort A and 13% of students from cohort C had no Internet-accessible mobile 
devices (handhelds and laptops).  
 
We noted that more than 93% of students from each cohort had accounts on 
social networking sites, with more than 90% being Facebook accounts. Students 
used different devices to access these accounts. Seventy-two percent of cohort 
A students used smartphones to access SNSs and 33% used smartphones and 
laptops. Seventy-five percent of students from cohort C used smartphones to 
access SNSs, and more than 75% used both smartphones and laptops. In 
general, the majority of students used mobile devices (handheld or laptop) to 
access their accounts in SNSs. Cohort A had more than 70% of students and 
cohort C had 68% of students reporting to have been online 24/7. Of those who 
completed the survey, 86% were willing to participate in the research from cohort 
A and 75% from cohort C. Of these, 55% from cohort A and 67% from cohort C 
were ready to use their mobile devices. Student experiences of using social 
networking sites for academic purposes were noted to be 56% from cohort A and 
31% from cohort C, again the percentage of novices willing to use SNSs to 
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support their learning was higher in this phase than from previous phases. 
Cohort A had 89% and cohort C had 81% of students willing to use SNSs to 
support their learning of programming. 
 
The relationship between student experiences and their willingness to use SNSs 
to support their learning of programming (Table 4.5) was significant, X2 (4, N=55) 
=58.913, p<0.01, when subjected to a chi-square test after combining the two 
cohorts. Moreover, for individual cohorts, the relationship was still in-significant, 
X2 (1, N=36) =1.702, p>0.05, for cohort A and X2 (1, N=16) =1.678, p>0.05, for 
cohort C. This means within individual cohorts, the two variables did not influence 
each other, that is, having no experience in using SNSs for education purposes 
did not influence willingness to use SNSs to support learning of programming. 
 
Table 4.5: Relationship between experience and willingness to use SNS Phase 3 
Variable Cohort A Cohort C 
 X2 (2, N=36) X2 (1, N=16) 
Relationship between (a) having previous 
experience in using SNSs for academic 
purposes and (b) willing to use SNSs for 
learning of programming 
1.125, 
p>0.05 
4.693, p<0.05 
All Cohorts together 
X2 (4, N=55) 
Relationship between (a) having previous 
experience in using SNSs for academic 
purposes and (b) willing to use SNSs for 
learning of programming 
58.913, p<0.01 
 
Students gave several reasons as to why they thought the use of SNSs might 
support the learning of programming. The responses were thematically analysed 
using an inductive approach, resulting in the following main reasons: Sharing of 
knowledge, Ideas and challenges (36%), Increase interactions with others (12%), 
familiar environment (12%), Instant feedback (9.5%), SNS structure (9.5%), easy 
access to discussion space (8%) and active participation (5%). Others included 
less restricted area (4%), learning anywhere, anytime (2%) and reduce shyness 
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(2%). Sharing of knowledge, ideas and challenges were some of the 
opportunities offered by SNSs and so was the increased interaction, as students 
expected many to join and discuss. 
 
“Exchanging ideas and ways of learning concepts.  Sometimes its easier 
to ‘get’ things when explained from other students rather than just reading 
text books and attending lectures.  I also think that it is a VERY healthy 
learning environment as other students are more willing to exchange ideas 
etc rather than traditional face-to-face.  I have had nothing but positive 
experiences using social networking for educational purposes.” 
 
The structure of SNSs was considered by some students to be easier to read, to 
see what was discussed previously and to navigate in general.  
“It is helpful to have a record of previous discussions (have you ever tried 
taking notes when brainstorming?! It ruins the flow and can be hard to 
capture everything said!) as well as allowing people to add input when 
schedules would otherwise prevent them from being present.” 
 
Some SNSs allow one to contribute while remaining anonymous, and this was an 
advantage cited by students, one that could help shy students. 
“People live on these sites. They're always connected. These scenarios 
are just like being surrounded by people who are in your course, without 
the geographical limitation. I'm also kind of a shy guy and am often 
hesitant in asking questions. When I have a bit of anonymity 
/pseudonymity I'm more inclined to ask for help. Yeah, this is a very good 
thing.” 
 
Students who did not like to use SNSs for academic purposes gave the same 
reasons that we reported from previous study phases such as distractions from 
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other Internet media; Blackboard was good enough, social life and academic life 
should not be overlapped. However, the issue of privacy of SNSs and content 
control was mentioned.  
“There isn’t enough of control provided, it's like using a neighbours 
whiteboard for your studies where they decided what you can change or 
not. They social networks privacy policy is kind of ambiguous at best.” 
 
4.3.2 Novice Perceptions of MSLE in Phase 3 
The same scenario was presented in the pre-survey for these participants and 
the same question was asked: “Do you think the mobile social learning scenarios 
expressed can support you in your learning? Can you give us reason(s) for any 
response on this question?” 
 
Ninety-seven percent of students from cohort A and 94% of students from cohort 
C agreed that the MSLE would support their learning of programming. Among the 
reasons students gave to support were as per what was given in Phase 2, such 
as familiar environment, that many students are using social networking sites and 
mostly access them using mobile devices, hence the MSLE would not be a new 
environment that one had to learn how to use. Feedback to questions would be 
instant compared to questions posted in the LMSs as almost every student is on 
Facebook.  
 
“Ideas from several people are more always more helpful than learning 
them from a sole source ( ex ; Lecturer ) ,  because the unique viewpoints 
present by different number of people.” 
 
“Students learn in different way and can be just as good as each other. 
Facebook provides an alternate learning path. Even though it's similar to a 
discussion board, the fast response time makes it almost like a 
conversation rather than forum. You don't know when people will reply on 
[LMS] but people log into Facebook all the time and notice when other 
students have a problem.” 
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However, there were students who thought that the MSLE would  both support 
and, at the same time, hinder the learning. 
 
“The availability of social networks makes the above Mobile Social 
Learning Environments conducive to learning but fail to allay concerns 
regarding the potential for plagiarism, either deliberately or inadvertently, 
and the enforcement of code of conduct and moderation of MSLEs based 
in Facebook or MySpace” 
 
“Sure it may help. It may also hinder. I'm the sort of person who does not 
always believe what I read on the internet. I would like to get a course 
instructor view for clarification.” 
 
Based on the student perceptions from Phase 2, we designed several five-point 
Likert scale questions in another survey, as seen in Table 4.6 and in Appendix C, 
for students to tell us the extent they agreed or disagreed with the MSLE in 
supporting the learning of programming. The questions ranged from easy 
access, frequency of login to encouraging engagement with the learning of 
programming. Table 4.6 shows averages that reflected student agreement that 
they would tend to login more to the MSLE than to the LMS because the MSLE 
would be accessed more easily. Students felt that the MSLE might encourage 
them to participate more in asking and answering questions. Students tended to 
agree that MSLE would enable them to make class friends and, through this, 
interactions among themselves would increase and would be useful for their 
learning of programming. 
 
According to students, the MSLE would encourage them to interact with each 
other since they were familiar with it and many students would discuss course 
related matters there. As a result, questions posted in the MSLE would be 
addressed relatively faster than in the LMS, which might reduce learning 
difficulties one might be facing at that moment.  
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Table 4.6: Students perceptions about MSLE 5 points-Likert Scale: 
Strongly agree = 5 to strongly disagree =1 
Item Give us your thoughts regarding the use of 
mobile social  learning environment to support 
your learning of programming  
Cohort A 
 
Mean (m) 
Cohort C 
 
Mean (m) 
(i) I will login more frequently  to this environment than in the LMS 3.97 3.63 
(ii) The environment will provide an easy access to discussions and chats 3.97 3.75 
(iii) 
I feel I can participate more in asking and 
answering questions in this environment than in 
the LMS 
3.86 3.56 
(iv) It will be easier to make class friends in this 
environment than in the LMS 3.97 3.81 
(v) Student to student interactions will be increased in this environment 4.14 3.75 
(vi) Many students will contribute to discussions by 
asking or answering questions 3.78 3.88 
(vii) The environment will encourage me to interact 
more with other students 3.81 3.69 
(viii) 
Instant feedback from other students will 
facilitate my learning of programming by 
reducing learning difficult that I may face 
3.97 3.81 
(ix) I will be able to discuss with others while 
commuting to and from University/work 4.03 3.56 
(x) 
Having a place to ask questions and expect 
quick feedback from others who are online will 
contribute to my success 
4.00 3.81 
(xi) The interactions with other students would be 
useful for my learning of programming 4.00 3.69 
(xii) Notifications of when a message is posted will help to keep track of all posts 4.06 3.69 
(xiii) 
Discussions with other students in this 
environment will help to understand assignments 
further 
3.92 3.94 
(xiv) 
There will be freely flowing  discussions 
because students will be relaxed and open to 
each other 
3.81 3.75 
(xv) Learning anywhere anytime will encourage me to engage more in the learning of programming 4.06 3.75 
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Students agreed that notifications of when a post was made helped to keep track 
of important posts and notifications being received anytime, anywhere, and they 
would have discussions while commuting to and from university or from work. 
Such anytime, anywhere student discussions would encourage more 
engagement with the learning of programming and, as a result, the difficulties 
that one might have otherwise faced with assignments were minimized. 
 
4.3.3 Novice experience with MSLE in Phase 3 
Cohort A had 250 students enrolled into the course and 200 students joined 
MSLE-A. Cohort C had 320 enrolled and 250 students joined MSLE-C. Each 
cohort was treated independently and had their course related documents loaded 
into respective LMS. Students were encouraged to upload programming related 
links and materials so that other students could discuss their issues around those 
materials or pursue further information in their own time. Students were also 
encouraged to practice the programming related questions in the programming 
quiz Facebook App that was uploaded for the group. At the end of the teaching 
period, we administered a post-survey to gather information about student 
experiences. Thirty-six (18%) students in the MSLE-A and 32 (13%) of students 
from MSLE-C completed the post-surveys. 
 
4.3.3.1 Student engagement with learning in the MSLE 
The following question was asked:  Do you think having this social site group has 
increased your engagement with learning of programming? Can you briefly 
explain your answer?  
 
Eighty-eight percent of students who answered this question from cohort A and 
86% from cohort C agreed that having this social site group increased their 
engagement with learning of programming. According to students the 
environment increased their engagement through helping each other whenever 
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they had programming troubles. While helping others, they found themselves 
engaging more by recalling information and thinking more about the subject.  
 
Mostly because it has helped to remind me of tasks that need to be done, 
and answering questions and participating in discussions has led me to a 
greater understanding of the concepts involved. 
 
“ I'd say this is really useful for students who are weak in certain subjects. 
It provides an almost 24/7 "support line" for students who are struggling 
with a problem and also reinforces other students' knowledge” 
 
 
Even though some students asked questions that had been answered before, 
seeing different approaches being used to achieve the same solution made some 
students appreciate the opportunities offered in the MSLE.  
 
“often posted questions are already answered but you are still able to see 
how the solution was achieved and makes you think about things you 
might not have thought about” 
 
According to Vygotsky’s Zone of Proximal Development (Figure 2.1), having 
students with different backgrounds in a learning environment such as the MSLE, 
is considered as an advantage because some students would receive assistance 
from other knowledgeable peers.  However, not all students considered this as 
an opportunity and, as a result, they engaged less. 
 
“I just get put off at how knowledgeable people are. There were many 
posts where I did not understand what they were on about.” 
 
 
4.3.3.2 Student to student interaction in MSLE 
Students were asked the following questions: Do you think having this social site 
group has increased your interactions with other students? Can you briefly 
explain your answer? 
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Cohort A had 80% and cohort C had 88% of students who noticed an increase in 
interactions among themselves through the MSLE, regardless of other 
opportunities they had  for interactions, such as in LMSs or live chat sessions for 
cohort C, or the LMSs, mentoring sessions and PASS (Peer Assisted Student 
Services) sessions for cohort A. According to students the real-time response 
from others made them more likely to interact more in the MSLE than in the LMS.  
 
“In online forums (in this University) its hard to get more "real time" 
response. Facebook allows the ability to "update" the conversation more 
"real time” …. Students are more likely to respond as they get instant 
emails alerting to posts. If its a quick thing they are more than likely to 
respond via smartphones etc” 
 
 
The MSLE connected students who would otherwise not be connected for 
discussions around assignments and, through the MSLE some students were 
able to help others. 
 
“We talked over assignment outcomes and other computer science stuff. 
Sometimes people work from home so having an online group is good for 
interaction between students.” 
 
“Being able to help someone instantly regardless of their personal 
characteristics that may have otherwise annoyed me… I guess the sense 
of "I'm talking to a monitor" made me less reluctant to just tell people to go 
read the lecture notes.” 
 
Through helping one another some were able to make friends and get to know 
each other in the MSLE. However, some students who did not notice any 
increase in interactions provided more personal reasons, such as being shy, or 
had vicarious interaction styles (through observations). 
 
“The simple reason is that I’m a shy person so if I have a problem I’ll ask a 
friend rather than the entire wall in fear of embarrassing myself.” 
 
“I don't discuss anything; rather just see what other people are 
mentioning.” 
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“I did not comment on any posts, just read them.” 
 
 
Based on the previous study phase and student perceptions, we designed a five-
point Likert scale survey (items i-xv in Table 4.7) for students to tell us the extent 
to which they agreed or disagreed based on their experiences within the MSLE in 
supporting the learning of programming. Later, we compared these mean scores 
and the mean scores from their perceptions (Table 4.6). The questions ranged 
from easy access, frequency of login to encouraging engagement with the 
learning of programming. From the table, the averages showed that students 
agreed that they logged in more frequently to the MSLE than to the LMS. 
Students felt that the MSLE encouraged them to participate more in asking and 
answering questions. Students tended to agree that through the MSLE they were 
able to make class friends and, in turn, interactions among themselves 
increased, which was useful for their learning of programming. According to 
students, the MSLE encouraged them to interact with each other since they were 
familiar with it and many students actually participated in the MSLE 
consequently, and questions posted in the MSLE were addressed relatively 
faster than in the LMS.  Students agreed that discussions with other students in 
the MSLE had reduced the difficulties they had with assignments and with the 
learning of programming as a whole.  
  
The differences between student perceptions and experience for the items (i-xv) 
in Table 4.6 and Table 4.7 were analysed by subjecting the mean scores to 
independent sample t-test for the two cohorts.  
 
The difference in mean scores between student perceptions and experiences 
with the MSLE was statistically significant with t (28) =22.529, p<0.05 in cohort C 
but statistically insignificant t (28) =0.585, p>0.05 in cohort A. These results 
meant that the difference between what students perceived before using the 
MSLE and their experiences after using the MSLE was not by chance for cohort 
C, but the difference in Cohort A could be by chance, not necessarily by the use 
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of the MSLE. However, more than 80% of respondents from the two cohorts 
found themselves engaging with their learning and interacting with other students 
more in these MSLEs. 
 
Table 4.7: Students experiences with MSLE-5 points Likert Scale: 
Strongly agree = 5 to strongly disagree =1 
  
Item         
Provide your feedback regarding the use of your MSLE  
for supporting your learning of programming 
Cohort A 
 
Mean (m) 
Cohort C 
 
Mean (m) 
(i) I logged  in  more  frequently to Facebook Group than to 
the LMS 
3.71 4.71 
(ii) The Facebook group provided an  easy  access to 
discussions and  chats 
4.18 4.86 
(iii) I feel I participated more in asking and answering 
questions in Facebook group than in the LMS 
3.76 4.86 
(iv) It was easier to make class friends in Facebook group 
than in the LMS 
3.76 4.43 
(v) Student to student interaction was increased in this 
environment than in the LMS 
4.00 4.71 
(vi) Many students contributed to discussions by asking and 
answering questions 
3.94 4.71 
(vii) The Facebook group encouraged me to interact more 
with other students 
3.74 4.57 
(viii) Instant feedback from other students facilitated my 
learning of programming by reducing learning difficult 
that I  faced 
4.06 4.57 
(ix) I was able to discuss with others while commuting to 
and from University/work 
3.56 4.86 
(x) Having a place to ask questions and expect quick 
feedback  contributed  to my success 
4.19 4.86 
(xi) Interactions with other students were useful for my 
learning of programming 
4.00 4.71 
(xii) Notifications of when a message is posted were helpful 
to keep track of all posts 
4.06 4.71 
(xiii) Discussions with other students in this environment  
helped to understand assignments further 
3.88 4.57 
(xiv) Discussions were freely flowing because students were 
relaxed and open to each other  
4.25 4.71 
(xv) Discussions in this group encouraged me to engage 
more in the learning of programming as I was able to 
access and  learn anywhere anytime  
3.94 4.71 
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4.3.4 Students experiences of the Facebook programming 
quiz application 
Based on student feedback we designed, developed and implemented a 
Facebook programming quiz application for students to engage with learning 
through practising the multiple choice questions. Although MSLE-A had other 
opportunities to support their learning by engaging them in problem solving 
activities via VILLE (a web based visualization tool, http://ville.cs.utu.fi), still some 
students practised the extra quizzes in our application. MSLE-C had access to 
Weblearn quizzes and tests, which were available through the LMS, yet some 
chose to practise the questions from the application as these quizzes were 
accessible anytime, anywhere.  
 
We asked students the following questions: Did you practice the questions in the 
Facebook application for programming quizzes? If you practiced the questions, 
did the questions help you to understand different programming concepts? If you 
did not practice the questions, can you tell us why? 
 
Out of students who replied these questions, 73% and 71% from MSLE-A and 
MSLE-C, respectively, agreed that the quizzes helped them to understand 
programming concepts.  Students who did not practice these questions gave 
different reasons, some joined the group late, some students were satisfied with 
the official web-based programming practice tool, and some could not find the 
link to the application. 
 
“There was already a lot of support through the lectures tutes, Ville, 
mentoring, labs consultations online quiz and black board. I felt that the 
Facebook page was 'less official' and as such was a lower priority.” 
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4.4 Summary 
 
In this chapter we presented our findings regarding the feasibility of the MSLE 
and the results of our first research question: What are the novice perceptions 
and experiences of the MSLE to support learning of programming?  
 
Our findings were presented in phases  and Phase 1 was mainly for exploring the 
feasibility of the MSLE. However, we were able to gather information about 
perceptions of the MSLE in this phase too. Based on the feasibility study results, 
it showed that implementation of the MSLE is possible as majority of novices 
were ready to use the MSLE to support their learning. 
 
Novices perceived the MSLE as an environment which could support their 
learning of programming, especially by increasing communication and 
interactions, and encouraging engagement with learning. Novices experienced 
increased interactions and engagement with the learning. Novices reported 
experiences with the MSLE that did not differ significantly with what they 
perceived.  
 
In order to increase engagement with the learning of programming, we designed 
a Facebook programming quiz application which had quizzes for novices to 
practise. Their experience with this application was also presented, whereby 
more than 70% of novices in Phase 2 and more than 80% in Phase 3 found 
themselves engaging more with learning and interacting more with each other in 
the MSLE – a key finding.  
 
The next chapter presents the analysis of novice interactions within the MSLE. It 
presents the quantitative and qualitative analysis approaches we used to analyse 
messages extracted from MSLE. 
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Chapter 5-  The analysis of novice 
interactions within the Mobile Social 
Learning Environment 
The main aim of the MSLE is to provide a place to increase interactions among 
novices and improve their engagement with the learning of programming. We 
expect that novices will use the MSLE for programming and sometimes non-
programming related discussions, chats and brainstorming. We propose the 
MSLE as another approach to intervention to help novices in their learning of 
programming. Unlike many of the approaches discussed in Chapter 2, which 
have been shown to increase student-to-student interactions, they only serve on-
campus students. We have designed our MSLE to be able to facilitate 
connections, increase student-to-student interactions as well as engagement with 
learning of programming, anywhere and anytime. We believe student interactions 
are important, and students who experience higher levels of interactions have 
been shown to have positive attitudes and higher levels of achievement than 
those who experience fewer interactions (Fulford and Zhang, 1993). However, 
that would be the case only if our novices experience meaningful interactions in 
the MSLE.  
 
In the MSLE novices with different backgrounds and different levels of 
programming knowledge interacted. We anticipated that these interactions 
between novices and their more knowledgeable peers would lead to social 
learning, as, according to Vygotsky, learning occurs at the Zone of Proximal 
Development. see Figure 2.1, where we drew attention to this concept. With the 
help of more knowledgeable peers, novices could solve programming tasks or 
understand programming concepts that they might not otherwise be able to solve 
or understand by themselves. Again, according to Vygotsky, conceptual learning 
needs collaborative efforts that require supportive dialogue between learners 
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(Kay, 2006:a). It is then appropriate to expect that novice interactions on the 
MSLE would have the potential to support and facilitate those efforts and 
encourage programming concept development. Also, novice interactions in the 
MSLE would lead to programming knowledge building and sharing. Aviv Erlich et 
al (2003) and Fauske and Wade  (2004) wrote that social interactions lead to 
effective knowledge building, yet, user acceptance of the medium is one of the 
determinant factors of effective knowledge building  (Kay, 2006:a).  All in all, it is 
through assessing the quality of novice interactions that we may be able to assert 
whether or not novices have meaningful interactions that led to conceptual 
learning where the programming concepts learned can be applied to solve 
different programming tasks. A meaningful interaction must enhance learner 
performance or experience or both (Donnelly and McSweeney, 2009). Interaction 
is meaningful if it influences a learner’s intellectual growth (Woo and Reeves, 
2007). Hence apart from gathering information about novice perceptions and 
experiences of the MSLE, we consider it is important to assess whether the 
novices exchanged programming knowledge in their discussion messages, as 
this will give an indication that meaningful interactions occurred in the MSLE.  
 
5.1 Analysis of the MSLE messages 
 
The analysis of novice messages in the MSLE followed analysis methods for 
examining the quality of student posts in discussion boards. There are several 
methods that have been suggested for analysing discussion board activities. 
Some researchers suggested multi-factor metrics (Dennen, 2005; Kay, 2006:a; 
Wu and Hiltz, 2004), while others have specifically focused on areas such as 
participation (Dennen, 2008; Gulati, 2008; Mazzolini and Maddison, 2003), the 
role of the instructor (Anderson et al., 2001b; Mazzolini and Maddison, 2003; 
Shea et al., 2003), quantity of student posts (Kay, 2006:a; Nisbet, 2004; 
Picciano, 2002), quality of discussion (Meyer, 2005; Roblyer and Wiencke, 
2003), feedback (Pena-Shaff and Nicholls, 2004; Rovai, 2004), guidelines posted 
by instructor (Gilbert and Dabbagh, 2005) and the discussion board prompts 
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(Christopher et al., 2004; Meyer, 2006). Another approach to examine the quality 
of discussion messages is content analysis. Content analysis is an approach that 
unravels the content of discussion board messages and is useful for studying 
patterns of interactions for research purposes (Meyer, 2004; Nisbet, 2004).  
 
Before we present the analysis of the messages posted in the MSLE, we first 
define what a message is and what constitutes a thread in the context of our 
research. A message posted in the MSLE is defined as either a topic or a reply.  
If a novice posts an item to initiate a new discussion thread, we denote such a 
post, as a topic. A topic is therefore the opening message in a thread.  Novices 
may post responses to a topic, which we denote as replies. Therefore, a thread 
has one topic and zero or more replies, see Figure 5.1. 
 
 
Figure 5.1: An example of one thread which consist of a topic 
 with three replies  counted as four messages posted in the MSLE. 
 
5.1.1 Part A: Quantitative analysis 
This section details the quantitative analysis of novice messages generated from 
the MSLE.  It describes the analysis based on the following metrics: cognitive 
Thread: There 
are 4 messages 
in this thread. 
(one topic with 
three replies). 
Beginning of a 
thread – the 
topic 
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levels, participation, quantity of posts and computer code present in the 
messages.  
 
5.1.1.1 Cognitive levels 
A student cognitive engagement during online discussions is critical for 
constructing new understanding and knowledge (Zhu, 2006). In assessing the 
quality of novice interactions in the MSLE, we investigated the cognitive levels 
demonstrated by novices in their messages. This helps to understand the levels 
of thinking that novices encouraged and engaged in. In determining the cognitive 
levels of the messages, we investigated the cognitive levels of the questions that 
novices posted in the MSLE. A question in a particular level elicits a novice 
response within that level (Christopher et al., 2004; Jones et al., 2009; Meyer, 
2005). The cognitive processing levels described in the revised version of 
Bloom’s Taxonomy (Anderson et al., 2001a) were used to explore the cognitive 
levels of the questions posted. We used the revised version (Figure 5.2) because 
it provides clearer descriptions of all subcategories compared to the original 
Bloom’s Taxonomy.  
 
The Revised Bloom Taxonomy (RBT) describes six cognitive levels of student 
learning within the cognitive dimension, which are remembering, understanding, 
applying, analysing, evaluating and creating. Table 5.1 lists the cognitive 
processes of the six cognitive levels of RBT. These levels build up on each other 
as the learner gains knowledge and expertise. 
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                 Figure 5.2: Revised Bloom’s Taxonomy (RBT) 
 
     Table 5.1: The cognitive processes of the six cognitive levels of RBT from 
Anderson et al. (2001) 
Cognitive Level  Cognitive 
Levels 
    Cognitive processes  in  RBT 
1 
 Low 
Remembering Recognising  and  recalling 
2 
Understanding  Interpreting, exemplifying, classifying, 
summarising, inferring, comparing and 
explaining 
3 Medium Applying Executing  and  implementing 4 Analysing Differentiating, organising and attributing 
5 High Evaluating Checking  and  critiquing 6 Creating Generating, Planning, and Producing 
     
For each cognitive level and its associated cognitive processes, there are 
devised keywords that are used to guide how questions may be formulated for 
each level in the RBT. Table 5.2 lists all such keywords that when present in a 
question may draw forth a response within that level. Using these keywords, we 
examined and categorised the cognitive levels that novices engaged in, from the 
questions they posted in the MSLE. 
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Table 5.2:  Revised Bloom’s taxonomy and associated keywords.   
Level Description Keywords 
Level 1: 
Remembering  
Exhibit memory of 
previously learned 
material by recalling 
facts, terms, basic 
concepts, and answers 
Choose, define, find, how, label, list, 
match, name, omit, recall, relate, 
select, show, spell, tell, what, when, 
where, which, who, why 
Level 2: 
Understanding 
Demonstrate 
understanding of facts 
and ideas by organizing, 
comparing, translating, 
interpreting, giving 
descriptions, and stating 
main ideas. 
Classify, compare, contrast, 
demonstrate, explain, extend, illustrate, 
infer, interpret, outline, relate, 
rephrase, show, summarize, translate 
Level 3: Applying Solve problems to new 
situations by applying 
acquired knowledge, 
facts, techniques and 
rules in a different way. 
Apply, build, choose, construct, 
develop, experiment, with, identify, 
interview, make use of, model, 
organize, plan, select, solve, utilize 
Level 4: Analysing Examine and break 
information into parts by 
identifying motives or 
causes.  Make inferences 
and find evidence to 
support generalizations. 
Analyse, assume, categorize, classify, 
compare, conclusion, contrast, 
discover, dissect, distinguish, divide, 
examine, function, inference, inspect, 
list, motive, relationships, simplify, 
survey, take part in, test for, theme 
Level 5: Evaluating Present and defend 
opinions by making 
judgments about 
information, validity of 
ideas, or quality of work 
based on a set of criteria. 
Agree, appraise, assess, award, choose, 
compare, conclude, criteria, criticize, 
decide, deduct, defend, determine, 
disprove, dispute, estimate, evaluate, 
explain, importance, influence, 
interpret, judge, justify, mark, measure, 
opinion, perceive, prioritize, prove, 
rate, recommend, rule on, select, 
support, value 
Level 6: Creating Compile information 
together in a different 
way by combining 
elements in a new pattern 
or proposing alternative 
solutions. 
Adapt, build, change, choose, combine, 
compile, compose, construct, create, 
delete, design, develop, discuss, 
elaborate, estimate, formulate, happen, 
imagine, improve, invent, make up, 
maximize, minimize, modify, original, 
originate, plan, predict, propose, 
solution, solve, suppose, test, theory 
Adapted from: EDUPRESS EP 729 – www.edupressinc.com 
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5.1.1.2 Participation 
Research  has revealed that students who are shy to participate or collaborate in 
classroom settings, might change their participating behaviours in online settings 
as there are no time restrictions or interruptions (Zhu, 2006). In assessing the 
quality of discussions, we investigated the number of active participants and 
participation rates. We define participation as the percent of group members who 
decide to post a topic or reply in the MSLE. The participation rate is important 
and is distinct from the quantity of posts. According to Bliss & Lawrence (2009), 
participation is the proportion of students using a discussion environment and 
quantity of post is a measure of how  “vocal” students are once they decide to 
participate. 
 
5.1.1.3 Quantity of posts 
Several metrics were investigated under quantity of posts such as the number of 
topics posted for the entire duration, the number of questions posted, the number 
of replies per topic, and the mean number of replies, number of messages per 
active user, number of resolved topics in the MSLE. These metrics are important 
for measuring social learning and student engagement. 
 
The number of questions posted in the MSLE was measured using question 
keywords such as “what”, “when”, “how”, “why”, “where”, “when”, “debug”, 
“question”, “error”, “help” and “?”. These questions were later grouped based on 
the RBT keywords for cognitive engagement levels. 
 
The number of resolved topics, that is, the number of topics that were responded 
to or for which some helpful guidance was provided was explored using 
keywords such as “thanks”, “cheers”, “okay”, “ok”, “np”, “no problem” and “thank 
you”, 
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5.1.1.4 Posts containing programming code 
The code analysis was carried out to determine the number of messages 
containing computer code and the type of statements contained in the code. The 
code analysis provided the proportion of programming related messages in the 
MSLE and out  of this proportion  we expressed the extent to which novices 
engaged in programming related discussions. 
 
According to Lahtinen et al. (2005), some misconceptions that novices 
experience relate to variable initialization, loops, conditionals, and recursion. 
These topics are normally covered in the beginning of a programming course. 
We expect novices to post computer code to the MSLE for discussions or to let 
others identify errors present in them. To identify messages posted that contain 
computer code, we use “;”, “{” and “}” as keywords. To further identify statements 
contained in computer code, keywords such as “if (”, “for (”, “switch (” and “while 
(”, were used. 
 
5.1.2      Part B: Qualitative analysis 
 
This section details the qualitative analysis of novice messages generated from 
the MSLE. It describes the analysis based on a thematic analysis of the 
messages posted, to identify themes that emerged from the messages, and a 
content analysis to explore the richness of the messages in terms of 
programming knowledge construction and social presence. The extent of 
programming knowledge present in the messages would signal meaningful 
interactions that supported learning of programming. Along these lines, we 
explored the extent to which novices expressed themselves socially and 
emotionally in the process of making these interactions meaningful. 
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Thematic analysis 
Thematic analysis is a search of themes that emerge from data (Fereday and 
Muir-Cochrane, 2008). The process involves identification of themes through 
careful reading and re-reading of data, where the emerging themes become the 
categories for analysis. This approach is also called inductive thematic analysis, 
where themes are searched from the data without preconceived notions or 
categories. The process of identification of themes involves three stages of 
coding– open, axial and selective coding (Neuman, 2006). This process is similar 
to the grounded theoretic approach used by Vlachopoulos and Cowan  (2010), to 
explore the different styles and practice of e-moderation.  They reported that this 
method is useful for gaining a deep understanding of a phenomenon or theme 
from raw data.  Hence, in order to gain understanding of novice messages 
generated in the MSLE, we used the inductive approach to thematic analysis. 
The results from this analysis are reported in Chapters 6 and 7.  
 
Content analysis 
Various theoretical frameworks have been designed and used by researchers in 
the field of Computer Supported Collaborative Learning (CSCL), to analyse 
written messages or transcripts of asynchronous computer-mediated discussion 
groups (De Wever et al., 2006). These frameworks introduce different 
techniques, some of which gather quantitative data about levels of participation 
(Henri, 1992) and the number of  student postings (Dennen, 2005). Other 
frameworks go deeper to unravel the information captured in the discussion 
messages, and thereby aim to measure the quality of interactions (Meyer, 2004). 
Content analysis is one of the techniques adopted by many researchers in the 
CSCL field. Content analysis is useful for studying patterns of interactions for 
research purposes, for example, to investigate the process of the social 
construction of knowledge, that is, knowledge constructed during social 
negotiations in online discussions (Gunawardena et al., 2001; Schellens and 
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Valcke, 2006) or to investigate students’ critical thinking in online discussions  
(Bullen, 1997).  
 
Different content analysis models have been proposed by different researchers 
to analyse discussion board messages (Anderson et al., 2001b; Bullen, 1997; 
Gunawardena et al., 2001; Rourke et al., 1999; Schellens and Valcke, 2006; 
Veerman and Veldhuis-Diermanse, 2001). Among the qualities of a content 
analysis model are its theoretical background, that is, the educational theory 
underpinning it, the unit on which the analysis is undertaken, such as a sentence, 
a theme, an idea or a message, and the interrater reliability (De Wever et al., 
2006; Gunawardena et al., 2001). A the theoretical base helps to identify 
indicators that form the basis of a model and the standard for evaluation of 
learning (Gunawardena et al., 2001). The choice of the unit of analysis to be 
used to perform content analysis varies depending on the context. Some 
researchers consider individual sentences as single units (Fahy et al., 2001), 
others use the theme or idea of a message (Henri, 1992), yet others use the 
complete message posted by a student (Gunawardena et al., 1997; Rourke et 
al., 2001). Each choice of unit of analysis presents advantages and 
disadvantages (Strijbos et al., 2006). However, a complete message as a unit of 
analysis is mostly chosen because the researcher is working within the unit as it 
has been defined by the author of the message (Rourke et al., 2001). The 
reliability (interrater) is regarded as the test of objectivity in content studies. 
Interrater reliability is defined as the degree of agreement among raters (Gwet, 
2012). It is the extent to which different coders who independently code the same 
data, come to the same coding decisions (De Wever et al., 2006; Rourke et al., 
2001). This is therefore, a function of how many people test the model with the 
same data. 
 
In the following subsections we discuss the two content analysis models that we 
used to analyse our data for programming knowledge construction and social 
presence. 
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5.1.2.1 Assessment of programming knowledge construction  
Our research is situated within the social constructivism framework which is 
based on the belief that an individual constructs knowledge through the process 
of negotiating meaning with others. This constructivist view of learning is 
associated with the Zone of Proximal Development which proposes that students 
develop knowledge as they interact with more knowledgeable others (Kozulin, 
2003). In order to investigate the quality of novice interactions and how novices 
construct programming knowledge together, we used content analysis tools that 
are rooted in the social constructivism theory in order to use their indicators as a 
base for evaluation of knowledge construction to our study. This helped us to 
relate the theory about where we situate our study and the models used for the 
analysis (Gunawardena et al., 2001). Some content analysis tools whose 
theoretical base is social constructivism are presented in Table 5.3 with their 
units of analysis. 
 
       Table 5.3: Content analysis tools based on social constructivism 
Content Analysis Models Unit of Analysis 
Gunawardena et al.(1997) Complete message 
Veerman & Veldhuis-Diermanse (2001) Complete message 
Järvelä & Häkkinen (2002) Complete message 
Veldhuis-Diermanse (2002) Thematic unit / idea 
Pena-Shaff and Nicholls (2004) Sentence (sometimes paragraphs) 
Weinberger and Fischer (2006) Micro-level and  Macro-level units  
 
Of the content analysis tools that are rooted in the social constructivism theory, 
such as those mentioned in Table 5.3, we chose to use the Veerman and 
Veldhuis-Diermanse (2001) model to analyse knowledge construction from the 
messages exchanged in the MSLE because: 
 112 
1. the model is based on social constructivist principles of knowledge 
construction (Hong and Lee, 2008; Schellens and Valcke, 2006), which is 
the framework of our study; 
2.  this model investigates the knowledge richness of text-based discussions 
messages, which is what we collect from the MSLE; 
3.  the model uses the entire message as the unit of analysis; and  
4.  the model has been well tested with good interrater reliability.  
 
The Veerman & Veldhuis-Diermanse (2001) model 
The Veerman & Veldhuis-Diermanse (2001) model is based on social 
constructivist principles of knowledge construction (Hong and Lee, 2008; 
Schellens and Valcke, 2006). This model (Figure 5.3) aims to investigate the 
richness of student messages in terms of knowledge construction.  
 
 
Figure 5.3: The Veerman & Veldhuis-Diermanse (2001) model for  
analysis of knowledge construction 
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The Veerman & Veldhuis-Diermanse model presents an analysis procedure that 
firstly categorises messages as Task-related and Not task-related. Veerman and 
Veldhuis-Diermanse are particularly interested in messages containing 
expressions of knowledge (De Wever et al., 2006), and so the Task-related 
message category is further divided into three categories: New Idea, Explanation 
and Evaluation.  
 
The New Idea subcategory can be described as content (task-related posting) 
not previously mentioned in the discussion. The Explanation category is a 
posting that refines or elaborates what was stated in previous postings or 
elsewhere in the discussion. The Evaluation category involves postings that 
provide a critical view of an earlier post or contribution (Veerman and Veldhuis-
Diermanse, 2001).  
 
Different studies have applied the Veerman and Veldhuis-Diermanse model in 
CSCL settings. They found that asynchronous computer supported 
communications can provide students with more options to think and reflect on 
information, to organise and keep track of discussions, and to engage in large 
group discussions (De Laat and Lally, 2004; Hong and Lee, 2008; Schellens and 
Valcke, 2006). Schellens and Valcke (2005) have also adapted the Veerman and 
Veldhuis-Diermanse's model to investigate whether or not asynchronous 
discussion groups can enhance knowledge construction. Their study showed that 
the interaction among learners was very task-oriented and reflected higher 
phases of knowledge construction. Each study reported a high percentage of 
agreement between the coders, one of the indicators of the reliability of the 
model (De Wever et al., 2006). Hence, the Veerman and Veldhuis-Diermanse 
model has been well tested with good interrater reliability. We have used their 
categories to identify knowledge construction in the messages from the MSLE. 
 
Just as Veerman and Veldhuis-Diermanse were interested in task-related 
messages that contain knowledge expressions, we were also interested in 
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course-related messages that contain programming knowledge expressions. 
Since the course involved in our study is called Programming 1, the 
programming-related messages will mean course-related messages. Figure 5.4 
shows these categories as adapted from the Veerman and Veldhuis-Diermanse 
model to analyse knowledge construction in the messages generated from the 
MSLE. From the top of Figure 5.4, the message is categorised as either a 
Programming-related or Non Programming-related message. The Not 
Programming-related category contains messages that are not related to the 
Programming course. These messages are mostly about other courses in which 
students are enrolled. 
 
 
Figure 5.4: The Veerman and Veldhuis-Diermanse (2001) model as applied to 
our study 
 
The Programming-related category is divided into New Idea, Explanation and 
Evaluation. The New Idea category contains messages that have programming 
knowledge expressed for the first time, which could be questions, definitions, 
facts or opinions. The Explanation category contains messages that provide 
elaboration in response to what was stated in the previous post or elsewhere in 
the discussion. These messages for example, can elaborate how a certain code 
works or how program executions are performed. The Evaluation category 
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contains messages that provide a critical view of an earlier post or contribution. 
These messages, for example, can provide preferences and reasons to follow a 
particular approach to solve a programming problem at hand.  Table 5.4 presents 
the message categories, descriptions and examples of messages that have 
programming knowledge constructs. 
 
Table 5.4: Categories of message containing programming knowledge constructs 
Message category Description  Example  
New idea Definitions, all known 
expressions 
 
 
 
 
Ones view of  a concept 
or what is being 
discussed 
 
 
 
Questions that have not 
been asked before 
"Boolean data type is the type of 
data that is based on true or false 
comparison and it can only hold one 
of two values _true or false!!" 
 
“Well, you can use arrays, ask user 
to provide the marks and then you 
store them in your array, then get the 
sum and average of them." 
 
“What does this syntax mean, and 
is it correct?   for (x:number.length) I 
mean does it exist and if yes, what 
does it mean?" 
Explanation Further refining or 
elaboration of earlier 
ideas.  
 
 
 
Explanation of previous 
programming concept 
or question  
"It will catch any Exception that is 
thrown (any subclass) so if you do 
Exception e, it will catch IOException 
as thats a subclass of it.” 
 
"You can make a set method to give a 
value to a variable eg. 
public void setCost(int newCost) 
{cost = newCost;}” 
Evaluation Critical discussions 
of earlier information or 
ideas 
"Actually there is no problem with 
having the If statement for setting the 
salary inside the constructor since it is 
part of instantiating the instance 
salary... I have spot one bug... what if   
setAge(30); is written, will the salary 
change or still be with the increase of 
30%???" 
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Table 5.5 presents the attributes of message category, description and Examples 
of a message, and shows one example of a message that does not relate to the 
programming course being taught. 
 
 
Table 5.5: Categories of messages that do not relate to the programming course 
Message Category  Description Example of a message 
Non-Programming 
related 
Message containing 
information unrelated to 
the programming course. 
"Hey guys I was wondering if 
anyone taking Database 
Concepts could explain how to 
do question 2? I'm really 
struggling with the whole 
question and I'm not too sure 
where to start, I've read the 
lecture notes but am still really 
lost!" 
 
5.1.2.2  Assessment of social presence in the MSLE 
Social presence is important in any learning environment whether it is online or 
face-to-face as it creates a level of comfort where learners feel at ease around 
other participants (Aragon, 2003). The ability to project oneself socially and 
emotionally into a community of learners is termed “social presence” (Garrison et 
al., 2000; Rourke et al., 1999). As peers interact in the discussion boards or 
learning environments, there is a need for learners to project themselves socially 
and emotionally in order to stimulate, sustain and support interactions. Social 
presence makes group interactions more appealing, engaging, and thus 
intrinsically rewarding (Rourke et al., 1999). It brings the feelings of 
connectedness and belonging which contribute to the successful development of 
a learning community and enhance learning experiences (Kearns and Frey, 
2010; So and Brush, 2008).  Other researchers have defined social presence as 
“students perceptions of being in and belonging to online discussion” (Picciano, 
2002) or  “the degree of feeling, perception and reaction of being connected by 
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computer mediated communication” (Tu and McIsaac, 2002).  
 
 According to the literature, a useful method to investigate social presence in an 
online environment, which also applies to our study, is the use of coding 
templates. Coding templates categorise social content from online discussions 
(Ubon, 2005). In order to explore social projections several models have been 
used such as in Table 5.6. 
 
Table 5.6: Some content analysis tools to measure social presence 
Content analysis models Instrument used 
Gunawardena (1997) Survey 
Gunawardena & Zittle (1997) Survey 
Rourke et al. (1999)   Observable behaviours 
Tu (2000) Survey 
Tu & McIsaac (2002) Observable behaviours 
 
To explore the extent to which students engaged socially and emotionally in the 
MSLEs we used the coding template based on the social presence model 
proposed by Rourke et al. (1999), which analyses social presence in the 
community of inquiry (Figure 5.5). 
 
The Rourke, Anderson, Garrison  & Archer (1999) model 
Rourke et al. (1999) regarded social presence as one of the three fundamental 
“presences” that support learning, others being cognitive and teacher presence. 
Rourke et al. identified three categories for social presence indicators and 
explored them in online discussion. The three categories are: Affective response, 
Interactive response and Cohesive response. 
 
The Affective response category refers to communication behaviours that 
express personal emotions, feelings, beliefs, and values. They are characteristics 
of a social presence found in messages that express emotions, feelings and 
moods (Garrison et al., 2000; Wenger, 2004). Affective responses contribute to 
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learning as they convey feelings towards something and for which others may 
provide moral support.  
 
The Interactive response category refers to communication behaviours that 
provide evidence that others are attending, such as agreement/disagreement, 
approval and referencing previous messages. The “evidence that the other is 
attending” is a critical feature in the promotion of socially meaningful interactions. 
Interactive responses build and sustain relationships, express a willingness to 
maintain and prolong contact, interpersonal support, encouragement and 
acceptance of message initiators (Garrison et al., 2000; Rourke et al., 1999; 
Wenger, 2004).  
 
The Cohesive response is identified by communication behaviours that build and 
sustain a sense of group commitment such as greetings,  phatics 
(communication with the aim of establishing or maintaining contact, e.g. what’s 
up?),  salutations (“Hi guys”), vocatives (“That’s it for now…”), and addressing 
the group as “we,” “our,” or “us” , “our lecture notes” (Rourke et al., 1999). 
 
 
Figure 5.5: The Rourke et al. (1999) model for assessing Social Presence 
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Table 5.7 shows message categories, descriptions and examples of messages 
that project social presence as categorised in our research.  
 
Table 5.7: Categories of messages projecting social presence using  
Rourke et al.(1999) model 
Message Category  Description Example of a message 
Affective response Expressions of mood, 
confusion, 
disappointments 
 
“Things are Hard... :-(" 
"Hate watching the chats, keep 
going to type in the chat box but 
can't : (" 
 
"15/15. Very happy :)." 
 
"i cant figure out how to do any 
of this assignment :( well now i 
know programming isn't my 
strong point" 
 
Interactive response Provide 
encouragement 
 
 
 
some messages to keep 
discussions going on 
(thanks, yes, yeah, 
cool, I agree with so 
and so, emoticons)  
 
Well wishes… 
“that's true too, then you won't 
have to understand about 
command prompt Julie. Good 
point Freedom" 
 
"Nice and neat and smooth paul" 
 
"i get u but  when u code 
asterisk[counter] what r u trying 
to tell me Dev?" 
 
“Mfaume [-a name], what do you 
put inside the main method? Is it 
not a set of instructions?" 
Cohesive response Messages that build 
and sustain a sense of 
belonging to a group  
“Alan, give us an example of how 
to handle exceptions while 
dealing with loops." 
 
“We just finished for,while and 
do....while loop!!!and we did 
continue,break and exit....and 
Arrays!!" 
 
"Yes we can...." 
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5.2 Summary 
In this chapter we presented the quantitative and qualitative approaches we used 
to analyse the messages extracted from the MSLE. The approaches presented 
include the use of metrics, thematic and content analysis to assert how these 
interactions supported the learning of programming.  
 
The metrics used to analyse messages include: cognitive levels (order of 
cognitive engagement based on cognitive processing levels of revised Bloom’s 
Taxonomy); participation (participation rate and number of active participants); 
quantity of posts (number of topics and replies, number of replies per topic) and 
computer code present in the messages. These metrics are important in 
determining evidence of social learning and engagement levels of novices. 
 
Using the thematic analysis approach we were able to identify themes that 
emerged from the MSLEs and differentiated them from those that emerged from 
the learning management systems. The aim here was to explore novice 
interaction behaviours in the two environments to which novices were exposed. 
 
We used the Veerman and Veldhuis-Diermanse (2001) model to identify 
knowledge construction and the Rourke at al. (1999) model to measure social 
presence. The Veerman and Veldhuis-Diermanse (2001) model was chosen 
because its theoretical background is the same as the educational theory 
underpinning our research – the social constructivism theory of learning.   
 
The Rourke model helped us to explore novice social presence projections by 
categorizing the messages as affective, interactive and cohesive responses. The 
following chapter presents the findings following analysis of messages using the 
approaches presented in this chapter.  
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Chapter 6-  Results of the analysis of novice 
interactions  
In this chapter we present the results of our approach to analyse novice 
interactions in the MSLE and in the LMS. We conducted the analysis in two 
parts, the quantitative analysis using metrics and the qualitative analysis using 
the thematic and content analysis approaches as described in Chapter 5. This 
chapter also presents the qualitative analysis of novice behaviours in the LMS 
and how they differed from behaviours in the MSLE.   
 
The quantitative analysis involved metrics such as number of participants, 
number of posts, that is the number of topics and replies, number of resolved 
topics, the number of posts containing programming code and the knowledge of 
the cognitive levels in which novices were engaged. From this quantitative 
analysis we were able to establish various averages: the mean number of 
messages per novice, the mean number of replies per topic and the percentages 
of resolved topics in the MSLE for the five cohorts involved in our study – cohorts 
A, B and C in Phase 2 and cohorts A and C in Phase 3. 
 
To extract messages from the MSLE, we used a tool which also generates 
quantitative statistical results, as seen in Figure 6.1. The messages extracted 
were saved in text files, which were then loaded into NVivo for qualitative 
(thematic and content) analysis. 
 
In subsequent sections we present the results from the quantitative analysis 
approach and later the results from the qualitative analysis approach. The results 
are presented based on phases. 
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Figure 6.1: An example of quantitative statistical output generated by the 
extraction tool 
 
6.1 Part A: Results of quantitative analysis of messages 
 
6.1.1 Phase 2 
Overall, a total of 6,081 messages were extracted from the three MSLEs, 
comprising 708 topics (threads) and 5,373 replies. The MSLE-A (Cohort A’s 
MSLE) had 105 members with 87 (83%) active members, MSLE-B had 101 
members with 75 (75%) active members and MSLE-C had 280 members, with 
266 (93%) active members. An active member is one who has at least posted a 
topic or reply or both. MSLE-C had online students who found this environment a 
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dynamic and user friendly alternative for discussions (Maleko et al., 2012b). This 
is shown by the number of active members exceeding 70% in all the MSLEs. The 
MSLE-B had novices taught in blended mode, so we expected them to have 
more active members than those in the MSLE-A, a face-to-face group. However, 
novices from this group had reported problems with Internet access within their 
university, and very few had mobile devices with Internet access support, already 
mentioned above and presented here.  
 
The number of topics (new threads), number of replies made to all topics and 
number of questions asked in different topics in each environment are presented 
in Table 6.1. Students from the MSLE-A, MSLE-B and MSLE-C posted 60, 135 
and 513 new threads respectively.  
 
         Table 6.1: Quantitative information of attributes on the MSLEs 
 MSLE-A MSLE-B MSLE-C 
Number of active members 87 (83%) 75 (75%) 266 (93%) 
Total number of topics 60 135 513 
Total number of replies 500 952 3,921 
Total number of questions 101 220 579 
Total Messages 560 1,087 4,434 
 
In the MSLE-A new threads received 500 replies (Table 6.1), an arithmetic mean 
of 8.3 replies per topic (Table 6.2). MSLE-B had 952 replies, a mean of 7.1 
replies per thread. The new threads for MSLE-C received 3,921 replies with a 
mean of 7.6 replies per thread. The number of replies per thread shows the 
length of the thread, this means the average length of a thread was 7, across the 
three environments. The mean messages per user are also shown in Table 6.2. 
On average, across the three MSLEs, each novice posted a minimum of 6 
messages (topic or reply). The median number of messages per user in the 
MSLE-A, MSLE-B and MSLE-C was 6, 7 and 9, respectively. These medians 
showed that at least 50% of users in the MSLE-A, MSLE-B and MSLE-C had 
posted 6, 7 and 9 messages respectively. These results show the degree of 
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participation within the MSLEs was varied with the mode of course delivery. The 
median replies per topic showed that more than 50% of topics had 5 messages 
or more in MSLE-A, 6 messages or more in the MSLE-B and MSLE-C. 
 
Table 6.2: Mean and median messages per user and replies per topic posted in 
the MSLEs 
 MSLE-A MSLE-B MSLE-C 
Minimum messages per active user 1 1 1 
Mean messages per user 6.4 14.5 16.7 
Median messages per user 6 7 9 
Maximum messages per user 23 59 549 
Minimum replies per topic 0 0 0 
Mean replies per topic 8.3 7.1 7.6 
Median replies per topic 5 6 6 
Maximum replies per topic 47 31 50 
 
In terms of user participation, we noted  from  MSLE-A, MSLE-B and MSLE-C 
that 49%, 79% and 62% of students participated in posting replies while 28%, 
48% and 46% of students participated  in posting topics respectively. Only 25%, 
44% and 44% of students from the three MSLEs, respectively, posted both topics 
and replies. These results showed that students participated more in posting 
replies than topics (Table 6.3). 
 
Table 6.3: User participation in Phase 2 
 MSLE-A MSLE-B MSLE-C 
Number of users who posted a topic 24 (28%) 36 (48%) 122 (46%) 
Number of users who posted a reply 43 (49%) 59 (79%) 166 (62%) 
Number of users who posted a topic and a reply 22 (25%) 33 (44%) 118(44%) 
Number of users who posted   code 21 (24%) 33(44%) 66 (25%) 
 
Some students preferred to post computer code than to explain the code in 
words (Figure 6.2). It seemed that when a student was unable to proceed while 
attempting to compile or run a program, it was easy to post the entire program 
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and ask for help to fix the bug. The percentages of students who posted 
computer code from the MSLE-A, MSLE-B and MSLE-C were 24%, 44% and 
25%, respectively (Table 6.3). 
 
 
Figure 6.2: An example of  a code posting and resolution of the topic a after 
several replies in one of the MSLEs. 
 
The percentages of messages posted across the three environments that had 
code in them were 6.25% for the MSLE-A, 9.75% for the MSLE-B and 4.5% for 
MSLE-C. Further analysis of the code revealed the domination of “if” statements 
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followed by code involving “for” loops, then, “while” loops, and lastly “switch” 
statements (Table 6.4). These appeared mostly between week 3 and week 5. 
 
Table 6.4: Code analysis Phase 2   
 MSLE-A MSLE-B MSLE-C 
Number of messages containing code 35 106 198 
Percentage of messages containing code 6.25%  9.75% 4.5% 
Number of if-statements 11 98 65 
Number of switch-statements 0 8 1 
Number of for-loops 5 56 49 
Number of while-loops 1 9 13 
 
In order to explore how cognitively engaged novices were in the MSLEs, we 
identified the keywords used by novices when they posted questions and 
grouped those questions into different levels of the RBT (Table 5.2). The RBT 
has six levels of learning within the cognitive domain, which includes knowledge 
and the development of intellectual skills. The levels show the order of cognitive 
(thinking) processes  in which a student may be engaged . Table 5.2 also 
provides the list of keywords with associated levels of the RBT. According to 
Crowe and Stanford (2010), when these keywords are present in questions, they 
may draw forth a response within the cognitive processes levels to which the 
keywords belong. This will indicate the levels of cognitive processes students are 
engaged in while answering such questions.  
 
The results across the three environments showed that novices asked more 
questions using keywords at the remembering level, followed by the evaluating 
level and then the creating level (Figure 6.3). Very few questions were found that 
had keywords that matched the keywords present in other levels (understanding, 
applying and analysing). The RBT’s cognitive levels are considered as a 
continuum (Figure 5.2), this means, a novice performing at a higher level is 
expected to have performed at lower level of the cognitive hierarchy (Fuller et al., 
2007). Since some keywords in Table 5.2 occurred at different levels, for 
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example, the keyword “choose” is at level 1, as well as at levels 5 and 6, we 
removed all repeating keywords from lower levels and retained only the ones at 
the upper most containing level. In this case, for example, the keyword “choose” 
was counted only at level 6. 
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Figure 6.3: Levels of novice questions based on the RBT 
 
The results of grouping novice questions based on the RBT’s keywords, after 
removing the repeating keywords, still showed that a large percentage of 
questions fell under the remembering level and the remaining questions were at 
the evaluating and creating levels. The remembering level questions suggest that 
novices were asking questions that appropriately evaluated their comprehension, 
diagnosed their strengths and weaknesses in programming, and also provided 
general review of their programming concepts. Although  the questions that fell 
into higher levels (level 5 and 6) indicated that novices asked questions that 
encouraged deep and critical thinking, and encouraged  further information 
seeking (Tarlinton, 2003). Furthermore, such questions would elicit responses at 
the same levels (Christopher et al., 2004; Jones et al., 2009; Meyer, 2005); 
however, we are not certain that novices knew that they were asking questions at 
these levels and not certain that all questions were programming related. Figure 
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6.4 shows an example of a question that was categorised at level 5 –evaluating, 
the question being “Could someone please explain how one would do that?” 
 
 
Figure 6.4: An example of a question classified at level 5 
 
The mean response time, that is the average time taken between posting a topic 
and receiving the last reply to that topic, whether or not the topic was resolved 
are presented in Table 6.5. A resolved topic is a topic that represents a resolution 
or a satisfactory outcome towards a resolution. In a simple explanation, it is a 
topic that has an answer. Table 6.5 also presents the number of resolved topics 
in the MSLE. From this table, the mean response time differed across the MSLEs 
and was highest in MSLE-B. This may have been a result of Internet connection 
issues within UDSM University. The mean response time calculations were also 
affected by the maximum response times being above 10 days in most cases.  
This was caused by either having a long unresolved thread, whereby a student 
each day posts a reply to the thread or a prolonged discussion even after a 
resolution to a topic had been reached. Also, some students did not frequently 
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login or had their notifications set off, so when they later logged in, they may 
have decided to reply to an old post, thereby increasing the maximum response 
time. We also noted that some students asked new questions within the thread, 
and this too increased the response time with respect to the topic. Nevertheless, 
it was encouraging to find that the mean time elapsed between posting a topic 
and receiving the first response for the resolved thread was less than 2 hours for 
MSLE-B. The percentages of resolved topics/threads, that is, topics that 
represented a resolution or a satisfactory outcome towards a resolution, for the 
three MSLEs was more than 50%.   
 
Table 6.5: Mean and median response times for resolved topics and unresolved 
topics 
 MSLE-A MSLE-B MSLE-C 
Response time with respect to the topic 
Minimum 10 secs 27 secs 19.5 secs 
Mean  9 hours 46 hours 15 hours 
Maximum 18 days 29 days 26 days 
Response time for resolved threads with respect to the topic 
Minimum 31 secs 27 secs 26 secs 
Mean 6 hours 30 hours 13 hours 
Maximum 3.7 days 13 days 27 days 
Mean time for the first response for the 
resolved thread 
0.73 hours 1.9 hours 1.55hours 
Percentage of resolved  topics 52% 56% 61% 
 
6.1.2 Phase 3 
A total of 4,593 messages were extracted from the two MSLEs, comprising 520 
topics (threads) and 4,073 replies. The MSLE-A had 200 members with 194 
(97%) active members and MSLE-C had 250 members with 238 (95%) active 
members. The number of active members, the total number of topics and replies 
received from each cohort, the total number of questions asked and the total 
number of answered threads, are shown in Table 6.6. 
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MSLE-A had 186 threads and 1,234 replies with an arithmetic mean of 6.6 
replies per topic, while MSLE-C had 334 threads which received  2,839 replies, 
an arithmetic mean of  8.5 replies per topic (Table 6.7).   
 
Table 6.6: Quantitative information of the attributes on the MSLEs 
 MSLE-A MSLE-C 
Number of active members 194 (97%) 238 (95%) 
Total number of topics 186 334 
Total number of replies 1,234 2,839 
Total number of questions 296 594 
Total number of answered threads 77(41%) 117(35%) 
 
MSLE-A had 41% of resolved threads while MSLE-C had 35%.  Table 6.7 also 
shows the average messages per active user which was about 7 messages per 
user for the MSLE-A and about 13 messages for MSLE-C. The median replies 
per topic showed that at least 50% of topics had 5 replies or more in the MSLE-A 
and 6 replies or more in MSLE-C. 
 
Table 6.7: Mean and median messages per user and replies per topic posted in    
                 the MSLEs 
 MSLE-A MSLE-C 
Minimum messages per active user 1 1 
Mean messages per user 7.2 13.3 
Maximum messages per user 183 483 
Minimum replies per topic 0 0 
Mean replies per topic 6.6 8.5 
Median replies per topic 5 6 
Maximum replies per topic 50 86 
 
MSLE-A had 29% of its users posted topics while MSLE-C had 18%. The 
percentage of users who posted replies was 49 and 30, respectively. Students 
who posted both topics and replies were represented at 27% and 17%, 
respectively, while students who posted computer code were represented at 18% 
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and 17%, from MSLE-A and MSLE-C, respectively. The percentages of 
messages containing computer code were 5.7% and 6.8% from MSLE-A and 
MSLE-C, respectively. The computer code contained mainly if-statements and 
for-loops as shown in Table 6.8. 
 
Table 6.8: Code analysis Phase 3 
 MSLE-A MSLE-C 
Number of messages containing code 82 217 
Percentage of messages containing code 5.8% 6.8% 
Number of if-statements 20 (24%) 61(28%) 
Number of switch-statements 2 3 
Number of for-loops 10(12%) 22(10%) 
Number of while-loops 5 17 
  
Using the keywords from the RBT (Table 5.2) to identify the levels of cognitive 
(thinking) processes students were engaged in, we found that the majority of the 
questions were in the remembering level followed by the creating level and then 
the evaluating level. This trend was noted during Phase 2. Very few keywords 
from the MSLEs matched the keywords present in other levels (Figure 6.5). 
Again, the results after removing the repeating keywords did not change the 
general patterns. 
 
Levels of Questions asked in the MSLEs based on RBT (%)
0
10
20
30
40
50
60
Re
m
em
be
rin
g
Un
de
rs
tan
din
g 
Ap
ply
ing
An
aly
sin
g
Ev
alu
ati
ng
Cr
ea
tin
g
Levels
RMIT
OPEN
 
 Figure 6.5: Levels of questions asked based on RBT 
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The mean response times are presented in Table 6.9. From this table, the mean 
response time was 8.3 hours, the mean minimum response time was 26 seconds 
and the mean maximum response time was 20 days for MSLE-A. The 
corresponding means for MSLE-C were respectively, 17 seconds, 10 seconds 
and 33 days.  The mean response time for the resolved thread was 1.3 hours for 
MSLE-A and 4.8 hours for MSLE-C. It is important to note that the mean was 
affected by the maximum response times as we explained in Phase 2.  The 
mean elapsed time between posting a topic and receiving the first response for 
the resolved thread was less than 1.5 hours in both MSLEs. However, the 
percentages of resolved topics/threads for the two MSLEs were less than 42%.   
 
Table 6.9: Mean and median response times for resolved topics and unresolved 
topics 
 MSLE-A MSLE-C 
Response time with respect to the topic 
Minimum 26 secs 10 secs 
Mean  8.3 hrs 17 secs 
Maximum 20 days 33 days 
Response time for resolved threads with respect to the topic 
Minimum 26 secs 14 secs 
Mean 4.8 hrs 10.4 hrs 
Maximum 9 days 33 days 
Mean time for the first response for the resolved thread 1.3hrs 1.1 hrs 
Percentage of resolved  topics 41% 35% 
 
 
6.2 Part  B: Results of qualitative analysis of messages 
 
The qualitative analysis of messages from the MSLE was based on thematic and 
content analysis approaches. As we described in Chapter 5, the unit of analysis 
in both approaches was the entire message as posted by novices. 
 
 133 
6.2.1 Results of qualitative analysis of novice behaviours 
We applied an inductive approach to thematic analysis to identify themes that 
emerged in the messages, while exploring how novice interactions in the MSLE 
differed from that in the LMS in terms of themes.  In this analysis all messages 
extracted from MSLE-C were imported into NVivo 9 as discussed in Chapter 3. 
The analysis involved reading each message and labelling it according to the 
idea expressed. We then identified and grouped related or connected ideas and 
labelled them before forming conceptual groups. The formation of conceptual 
group was performed by identifying the core variables present in all messages in 
the group. Lastly, we re-read all the messages to make sure that each message 
belonged to a particular conceptual group. The conceptual groups identified the 
themes that emerged from the messages. 
 
6.2.1.1 Phase 2: Themes from the MSLE and the Blackboard 
All novices who used MSLE had access to their university LMSs, and 
participated in both environments.  In order to establish whether novices used the 
MSLE to support their learning of programming, we explored what novices 
discussed in the MSLE and how their discussions in the MSLE differed from the 
LMS. We ascertained themes that emerged from the messages in both the 
MSLE and the LMS. For this analysis, we explored messages posted in MSLE-C, 
the online Cohort C who had access to the Blackboard LMS. Compared with the 
MSLE, a Blackboard discussion forum is highly structured. For this course, the 
course instructor created the discussion forums for General discussions, 
Assignment 1, Assignment 2, Assignment 3, Exam preparation, Tutorial and 
practical discussions, and General feedback. Students accessed course 
materials from Blackboard, and they used the Blackboard discussion forum for 
interactions with each other and with the teaching team. Students also had one 
weekly live chat session with online tutors via a synchronous communication tool, 
available within Blackboard. These chat sessions provided instant 
communication between students and the teaching team so that the teaching 
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team could answer student questions and provide clarifications instantly. These 
sessions were also meant to bring students closer to the teaching team, as they 
include audio-visual chats. 
 
Messages from MSLE-C and Blackboard were extracted separately and an 
inductive thematic analysis approach was applied to explore themes that 
emerged in the threads. After analysis of the data at the end of the open coding 
phase, we identified 59 themes and 21 themes, from MSLE-C and Blackboard, 
respectively. Each separate concept in the data was labelled and similar ideas 
were grouped and labelled. Following open coding, the next step was axial 
coding, where we assembled coding categories into larger conceptual groupings 
(Hsieh and Shannon, 2005). Ten major themes emerged from the MSLE-C and 7 
from Blackboard, after the axial coding phase, with each theme consisting of a 
number of subthemes. This process was repeated until no additional categories 
were identified and all the data had been analysed. The third and final coding 
step was selective coding. Again, the data were re-examined and the prior 
coding and grouping were revisited and verified or changed as required. 
 
We identified 10 major themes and 49 sub themes from the 4,430 posts (topics 
and replies) in the MSLE-C. Seven major themes and 14 sub themes were 
identified from the 900 student-only posts in the Blackboard. These themes 
tended to focus around assignments, the examination, tests and quizzes, social 
cues, learning materials and course administration. Other themes expressed 
feelings and yet others provided encouragement and general advice. Table 6.10 
lists the themes that were identified in MSLE-C. 
 
The Assignment theme had a larger percentage of all references in MSLE-C 
(35.8%) and had all references that directly related to assignments. Student 
questions and answers were either related to particular assignment questions or 
to assignment difficulties (21.5%) or assignment results (4.8%). Some posts were 
more about giving advice and alternative ways to tackle assignments (1.2%). In 
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this theme, we noted a lot of discussion extensions (long threads) where 
students freely jumped in to provide further solutions to the questions posted, 
regardless of the answers that had already been provided by others. Some 
students posted messages that further clarified previously posted answers to the 
questions. Also, we noted students extending discussions within threads by 
asking questions related to the one being discussed. Where there were 
disappointing issues with assignments, students did not hesitate to express them 
here.  
 
Table 6.10: Themes identified from the MSLE-C in Phase 2 
Themes Number of 
References 
Percentage of 
References 
Assignment 1587 35.8 
Social cue 784 17.7 
Learning material and additional resources 700 15.8 
Examination 399 9.0 
Discussions outside programming 297 6.7 
Test and quizzes 221 5.0 
Expression of Dissatisfaction 159 3.6 
Course admin 133 3.0 
Provide Encouragement 106 2.4 
General advice 44 1.0 
Total 4,430 100 
 
The Social cue (17.7%) was the second theme mostly referenced in MSLE-C. 
Here students mainly posted messages to introduce one another – names and 
background, and messages that expressed personal feelings. Expressions of 
personal feelings (10.4%) were about how they felt about programming, learning 
materials, assignments, tests, quizzes, exams or results of an assignment, and 
some were expressions that encouraged and supported others who were giving 
up or discouraged about the course (7.3%).  
 
The Discussions about learning material and additional resources was 
referenced by 15.8% of all references. Here students discussed mainly course 
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learning materials available to them (3.9%), where they could find extra learning 
materials, links to external materials and discussions about programming 
concepts learned via those materials (2.9%), and how to use programming 
environments such as Eclipse and NetBeans (3.7%). Problems in debugging 
computer codes were also discussed under this theme (4.2%). 
 
The Examination theme had 9.0% of all references where students discussed 
about exam coverage, exam duration, examination-difficulties, how to practice 
exam questions in terms of time management, and the time to release exam 
results. Some students expressed their personal worries about the forthcoming 
exams. We noticed here that some previous semester students were 
encouraging others and advised them on how to prepare for their final 
examinations. The fifth theme in MSLE-C was Discussions outside programming, 
which received a total of 6.7% references. This theme contained messages that 
discussed issues that did not relate to programming at all. 
 
Test and quizzes was the sixth theme that had 5% of all references in MSLE-C. It 
contained general discussion messages about tests and quizzes, how important 
they were and how they contributed to overall course assessment. Following the 
Test and quizzes theme was the Expression of Dissatisfaction theme with 3.6% 
of all references. This theme had all messages that students expressed their 
disappointments about exams, assignments, assessment policies and learning 
materials. This theme was among the unique themes appearing in MSLE-C. 
 
The last three themes were Course admin, Provide Encouragement and General 
advice with 3%, 2.4% and 1% of all references on the MSLE-C, respectively. The 
Course admin theme had questions related to administration of the course. The 
Provide Encouragement theme contained mainly messages that encouraged 
students who were disappointed with exams or assignments or tests, and 
messages that encouraged students struggling with learning of programming. 
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The General advice theme had discussions on how to handle file sharing; how to 
store data (files); how to download IDEs such as Eclipse, NetBeans; how to 
choose subjects depending on one's background experience and courses taken. 
 
   Table 6.11: Themes identified from the Blackboard in Phase 2 
Themes Number of 
references 
Percentage  of 
References 
Assignment 539 59.9 
Discussions about Learning materials and 
additional resources 160 17.8 
Social cues 73 8.1 
Question to the lecturer 59 6.5 
Examinations 41 4.5 
Test and quizzes 14 1.6 
Collaboration/community building 14 1.6 
Total 900 100 
 
   Table 6.11 lists the themes that were identified from the Blackboard learning 
management system. The Assignment theme had a largest percentage (59.9%) 
of all references. It had only two sub-themes. Students discussed directly the 
assignment questions (52.6%) and the results of their assignments (7.3%). 
Students did not express any disappointment with assignments in Blackboard, 
did not give advice on how to tackle assignments, and did not extend discussions 
once the solution to the question was provided. 
 
Discussions about Learning materials and additional resources (17.8%) was the 
second most referenced theme in Blackboard where most of the messages 
focused on learning materials. However, we noticed here that students did not 
advise others on where they could find extra learning materials. The third theme 
was Social cues, having 8.1% of all references, where students introduced 
themselves (1.2%) and expressed personal feelings (6.9%) as the two sub-
themes, and personal feelings were mainly expressed via emoticons. Students 
asked direct questions to their lecturer and we grouped these questions into a 
single theme, the Questions to the lecturer theme, which was the fourth theme 
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with 6.5% of all references. These questions were for clarifications of questions 
in the assignment (5.3%) and in sample exam papers (1.6%). The Examinations 
theme had 4.5% of all references where students posted questions regarding 
sample exam papers uploaded for review. The last two themes from Blackboard 
were Test and quizzes (1.6%) and Collaboration/community building (1.6%). 
Students posted messages regarding their tests and quizzes under the Tests and 
quizzes theme, and messages calling for formation of group study or study 
partners under the Collaboration/community building theme. 
 
6.2.1.2 Phase 3: Themes from the MSLE and the Blackboard 
Following the steps used in Phase 2, we extracted messages from Blackboard 
and MSLE-C, and used the inductive approach for thematic analysis to explore 
themes that emerged in the threads. The Blackboard discussion forum for Cohort 
C was structured into Assignments, Examination, Test and quizzes, General 
discussion, Feedback, Tutorial and practical work and Welcome message 
threads. After analysis of the data at the end of the open coding phase, we 
identified 46 themes and 22 themes from MSLE-C and Blackboard, respectively. 
Each separate concept in the data was labelled and similar ideas were grouped 
and labelled. Nine major themes emerged from MSLE-C and 8 themes from 
Blackboard, after the axial coding phase, with each theme consisting of a number 
of subthemes. This process was repeated until no additional categories were 
identified and all the data had been analysed. The third and final coding step was 
selective coding. Again, the data were re-examined and the prior coding and 
grouping were revisited and verified or changed as required. 
 
There were a total of 1,711 posts from Blackboard including 243 tutor posts. Out 
of 1,468 student posts, we identified 8 major themes and 14 subthemes. We also 
identified 10 major themes and 36 subthemes from a total of 3,003 messages 
from MSLE-C. These themes focused around assignments, examination, tests 
and quizzes, social cues, learning materials and course administration. Other 
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themes expressed feelings and yet others provided encouragement and general 
advice. Table 6.12 lists the themes that were identified in  MSLE-C. 
 
The Assignment theme (53%) had all messages related to assignment including 
assignment clarifications and results. The Social cues theme (19.7%) contained 
messages with emoticons, messages referring to other student by name, or 
thanking someone. The Examination theme (6%) included all messages 
discussing about exams, difficulties, exam time clarification, exam venue 
locations, how to solve a particular sample exam question and some general 
discussions on how to write an exam. The Expressions of dissatisfaction theme 
(4.0%) had messages that expressed dissatisfaction mainly with teaching 
materials, examination or assignment difficulties. The Provide encouragement 
theme had 2.8% of the total messages, were students encouraged one another 
with the difficulties they face with learning of programming. Other themes and 
their percentages are as shown in Table 6.12.  
 
Table 6.12: Themes Identified from the MSLE-C in Phase 3 
Themes Number of 
messages 
Percentage of 
messages 
Assignment 1,591 53.0 
Social cue 593 19.7 
Learning material and additional resources 120 4.0 
Examination 180 6.0 
Discussions outside programming 150 5.0 
Test and quizzes 74 2.5 
Expression of dissatisfaction 119 4.0 
Course admin 36 1.2 
Provide encouragement 84 2.8 
General advice 56 1.9 
Total 3,003 100 
 
In Table 6.13, we list the themes that were identified in the Blackboard learning 
management system. The Assignment theme had a larger percentage (55.2%) of 
all the messages. The social cues theme had 10%, which contained message 
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with emoticons, messages referring to other student by name, or thanking 
someone.  
 
Table 6.13: Themes identified from Blackboard in Phase 3 
Themes Number of 
messages 
Percentage  
of messages 
Assignment 810 55.2 
Learning materials and additional resources 63 4.3 
Social cues 147 10 
Question to the lecturer 98 6.7 
Tutorial and practical work 80 5.4 
Examinations 208 14.2 
Test and quizzes 52 3.5 
Collaboration/community building 10 0.7 
Total 1,468 100 
 
The Social cues theme was followed by Examination theme (14.2%). The 
Question to the lecturer theme was unique to Blackboard and had 6.7% of the 
messages. The Tutorial and practical work theme (5.4%) had questions and 
answers regarding tutorials and practical given. Other themes that emerged in 
the Blackboard were Test and quizzes (3.5%) and Collaboration and community 
building (0.7%) themes as shown in Table 6.13 
 
6.2.2 Results of qualitative analysis of programming 
knowledge exchange and social presence projections inside 
the MSLE 
 
The qualitative assessment of programming knowledge and social presence in 
the MSLE employed a deductive content analysis. Our aim was to explore if any 
knowledge was constructed or exchanged during novices interactions in the 
MSLEs. Using the Veerman & Veldhuis-Diermanse (2001) model (Figure 5.4)  
and the Rourke et al. (1999) model (Figure 5.5) presented in Chapter 5, we 
analysed novice messages to determine knowledge construction and social 
presence projections, respectively. The analysis processes involved reading 
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messages and classifying them according to the classification provided from the 
model. Once the classification of all messages into categories was completed, 
we repeated the process in each category to verify the classification or change it 
as required. 
 
6.2.2.1 Phase 2- Programming knowledge construction and social 
presence projections  
 
We analysed separately, 560 messages from MSLE-A (RMIT), 1,087 messages 
from MSLE-B (UDSM) and 4,434 messages from MSLE-C (OUA), using the 
categories in the Veerman & Veldhuis-Diermanse (2001) for programming 
knowledge construction. Using categories of Rourke et al. (1999) models, we 
again analysed the messages for social presence projections. The unit of 
analysis was the complete post or complete student message posted in the 
MSLE (Figure 6.6). The choice of a complete post as a unit of analysis was 
mainly based on the nature of discussions in the MSLEs and the variables that 
we were interested in. Some student posts contained computer code and some 
contained statements describing computer code. In order to assess if a post had 
a meaning or knowledge as far as programming is concerned, or a particular post 
expressed social or emotional feeling we decided to consider a complete post as 
a whole rather than sub-divide the post. 
 
Messages from each MSLE were loaded into different NVivo 9 projects for 
analysis using deductive approaches of content analysis. Using the this 
approach, we were able to code messages according to the predetermined 
categories of Veerman & Veldhuis-Diermanse and Rourke et al. models during 
the open and axial coding phases. We repeated this process until all messages 
were coded. We re-examined the data and revisited all categories for changes 
and verification of the coding as required.  
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Figure 6.6: Message- a unit of analysis for this study 
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Figure 6.7: Programming related messages versus non- programming related 
messages (%) 
 
Figure 6.7 shows the results of the analysis for the Programming-related and 
Non Programming-related categories. From the figure, 81.2%, 86.4% and 85.1% 
of the messages were posted in the MSLEs from RMIT, UDSM and OUA, 
respectively, and were related to the programming course. The figure also shows 
that 18.8%, 13.6% and 14.9% of the messages posted were not related to 
programming, respectively. These messages often related to other courses in 
which novices were enrolled.  
 
   
   A message 
 
Another 
message 
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Table 6.14 shows the percentages of knowledge construction in the messages 
related to the programming course and the percentages of knowledge 
construction relative to the total messages posted in each MSLE. Knowledge in 
the programming related messages were in the messages categorised in the 
New Idea, Explanation, and Evaluation categories of the Veerman & Veldhuis-
Diermanse model. The percentages of knowledge construction from messages 
related to programming were found to be 57.3, 58.6 and 47.1 while percentages 
of programming knowledge construction relative to the total messages posted in 
each MSLE were 46.5, 50.7 and 40.1, respectively. 
 
Table 6.14: Percentages of knowledge construction in the MSLEs in Phase 2 
MSLE RMIT UDSM OUA 
Percentage of knowledge construction in the 
messages related to the course 57.3% 58.6% 47.1% 
Percentage of knowledge construction over all 
messages posted 46.5% 50.7% 40.1% 
 
Figure 6.8 presents the percentages of programming knowledge construction 
from each category. In this figure, the Explanation category contributes 54.8%, 
55.2% and 55.6% of the total programming knowledge exchange in RMIT, UDSM 
and OUA, respectively. The New Idea category contributes 45.2%, 42.1% and 
41.6% to total programming knowledge construction, respectively. The 
Evaluation category contributes to less than 3% across the three groups. 
 
The results of analysis of the discussion messages based on our application of 
the Rourke et al model for social presence projections revealed that 42.4%, 
49.5% and 57.4% of the total messages posted in the MSLEs expressed social 
presence, from RMIT, UDSM and OUA, respectively, Table 6.15. Out of these 
messages, 0.3%, 0.2% and 3.3% were affectively expressed; 3%, 3.7% and 
2.4% were cohesively expressed and 39.1%, 45.3% and 51.7% were 
interactively expressed. 
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Figure 6.8: Percentages of programming knowledge construction from the 
categories using the Veerman & Veldhuis-Diermanse model  
 
To understand the extent to which students project themselves socially while 
exchanging programming related messages, we assessed social presence in the 
messages categorised under the programming related category. The results 
revealed that 44.5%, 42.5% and 54.4% of the Programming-related messages 
were socially expressed (Table 6.15). 
 
Table 6.15: Percentage of social presence projection from different categories in 
Phase 2 
MSLEs RMIT UDSM OUA 
Overall social presence projection 
Interactive response 39.1% 45.3% 51.7% 
Cohesive response 3% 3.7% 2.4% 
Affective response 0.3% 0.2% 3.3% 
Percentage of social presence out of 
all messages posted 42.4% 49.2% 57.4% 
Percentage of  Social presence in the 
Programming related  messages 44.5% 42.5% 54.4% 
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6.2.2.2 Phase 3- Programming knowledge construction and social 
presence projections in the MSLE 
To explore knowledge construction and social presence projection during novice 
interactions in the MSLEs, we used the same Veerman & Veldhuis-Diermanse 
model (Figure 5.4). A total of 4,593 messages were analysed from MSLE-A and 
MSLE-C. Figure 6.9  shows the results of the analysis for the Programming-
related and Non-Programming-related categories. From this figure, we find that 
80.1% and 89.0% of the messages posted in the MSLEs from RMIT (MSLE-A) 
and OUA (MSLE-C), respectively, were related to programming content.  
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Figure 6.9: Programming-related messages versus non programming-related 
messages in Phase 3 
 
The figure also shows that 19.9% and 11% of the messages posted were not 
related to programming, respectively. These messages were often related to 
other courses that novices were enrolled in. Out of the messages related to 
programming, 42.2% and 52.2% of the messages had knowledge constructs 
(Table 6.16). Messages with knowledge constructs were categorised in the in the 
New Idea, Explanation and Evaluation categories of the Veerman & Veldhuis-
Diermanse (2001) model. With reference to the total messages posted in each 
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MSLE, 33.8% and 46.4% of the messages from RMIT and OUA, respectively, 
had knowledge in them (Table 6.16). 
 
Table 6.16: Percentages of knowledge construction in the MSLEs in Phase 3 
MSLE MSLE-A MSLE-C 
Percentage of knowledge construction in the 
messages related to the course 42.2% 52.2% 
Percentage of knowledge construction over all 
messages posted 33.8% 46.4% 
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Figure 6.10: Percentages of programming knowledge construction from the 
categories in the Veerman & Veldhuis-Diermanse model  in  Phase 3 
 
Contribution of programming knowledge construction from the New Idea, 
Explanation, Evaluation categories are shown in Figure 6.10. The Explanation 
category contributed 59.8% and 69.5%; the New Idea category contributed 
40.2% and 30.2% to the total programming knowledge construction in the MSLE-
A and MSLE-C, respectively. The Evaluation category had 0.03% contribution to 
programming knowledge in MSLE-C and 0% in MSLE-A. 
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The results of social presence projection using the Rourke et al. model from 
RMIT and OUA are presented in Table 6.17. The Table reveals that 65.7% and 
63.1% of the total messages posted in the MSLEs expressed social presence, 
respectively. Out of these messages, 2.2% and 0.2% were affectively expressed; 
3% and 5.1% were cohesively expressed and 60.5% and 57.8% were 
interactively expressed. The percentages of social presence in the programming 
related messages were 66.3 and 63.7, respectively. 
 
Table 6.17: Percentages of social presence projections in the MSLEs 
MSLEs RMIT OUA 
Overall social presence projection   
Interactive response 60.5% 57.8% 
Cohesive response 3% 5.1% 
Affective response 2.2% 0.2% 
Percentage of social presence out of all messages posted 65.7% 63.1% 
Percentage of  Social presence in the Programming related  messages 66.3% 63.7% 
 
6.3 Part C: Results from the testing and evaluation Phase 
 
Phase 4 is the testing and evaluation  phase. Based on novice feedback on the 
Facebook programming quiz application, we modified this application to include a 
mobile user interface and more sections such as a Quick Practice questions 
based on the current teaching week, the View Revision List, Resume 
uncompleted session and Report A Problem. Figure 6.11 presents the new 
mobile application screen and the Quick Practice questions page. The Quick 
Practice question section has 10 questions and is designed in such a way that 
the questions are randomly selected from the current teaching week. The View 
Revision List section stores a list of questions that novices chose for later 
revision. The Resume uncompleted session section stores a novice’s last visit 
information especially for uncompleted tasks, for easy continuation from where 
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they left. The Report a Problem section stores problems, if any, that novices 
have experiences while interacting with the Application.  
 
    
Figure 6.11: Modified Facebook programming quiz Application 
 
In this phase, only novices enrolled in the Programming 1 course in Semester 1, 
2013 from RMIT were involved.  This cohort had 250 enrolled students, 200 
students joined MSLE-A, with 175 students consenting to participate in the 
research. A total of 769 messages were extracted and analysed. Out of 175 
students, 145 were active participants who posted 219 topics and 550 replies. 
There were 94 questions posted and 39 (18%) topics were resolved.  
 
Using the metrics described in Chapter 5, on average, each topic had 3 replies, 
and each user had posted 6 messages. About 6% of messages posted contained 
computer code. Analysis of the cognitive levels of the questions that students 
asked revealed the same trend observed in the previous phases (Figure 6.12). 
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 Figure 6.12: Levels of novice questions based on the RBT 
 
Using the MSLE model (Figure 7.1) we assess knowledge construction and 
social presence projection for the first 6 weeks. We analysed 769 student 
messages and found that 94.5% of the messages were related to programming 
and only 5.5% were not related to programming. Out of the messages related to 
programming, 64% had programming knowledge in them and of the total 
messages posted in the MSLE, 60.5% had programming knowledge in them ( 
Table 6.18).  
 
Table 6.18: Percentages of knowledge construction in the MSLE 
MSLE MSLE-A 
Percentage of knowledge construction in the messages related to 
programming 64% 
Percentage of knowledge construction over all messages posted 60.5% 
 
Figure 6.13 shows different categories that contributed to the total programming 
knowledge in MSLE-A. From the figure, 64.3% are contributions from 
Explanation category, and 34% and 1.7% are from the New Idea and the 
Evaluation categories, respectively. 
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Figure 6.13: Percentages of programming knowledge construction from the 
categories in the MSLE model in Phase 4. 
 
The projection of social presence using the Rourke et al. model from  MSLE-A is 
presented in Table 6.19. The Table reveals that 52.5% of the total messages 
posted in MSLE-A expressed social presence. Of these messages posted, 2.3% 
were cohesively expressed, 2.2% were affectively expressed and 48% were 
interactively expressed. The percentage of social presence projections in the 
programming related messages was 51.2. 
 
Table 6.19 : Percentage of novice social projection from different categories 
MSLEs RMIT 
Overall social presence projection  
Interactive response 48.0% 
Cohesive response 2.3% 
Affective response 2.2% 
Percentage of social presence out of all messages posted 52.5% 
Percentage of  Social presence in the Programming related  messages 51.2% 
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6.3.1 Students experience with the modified Facebook 
programming quiz application 
 
 At the end of semester, we administered a short survey to students to explore 
their experiences with the Facebook Programming quiz Application. Twenty five 
students completed our survey. Of these, 71% practised the quizzes, and 50% 
used laptops, while 18% used handheld devices (smartphones or tablets).  Most 
of the students considered the questions to be of moderate complexity (84%).  
We asked students to tell us how they felt after they had practised the questions; 
42% said they felt they had “understood Java concepts”; 25% said they felt an 
increase in their “level of confidence in Java”; 25% felt that they did not know 
much about Java concepts and that they needed to study hard and 8% felt they 
knew Java, yet, they felt a need to study more java concepts. These experiences 
showed that the quizzes provided an extra opportunity for students to gauge their 
programming knowledge levels and might have motivated some to study more. 
 
In terms of user-friendliness of the Application, students said it was user friendly 
(92%) though they would want to have a menu to show the topics that were 
being covered in each week rather than having “week number” (Figure 4.9). 
 
6.4 Summary 
 
In this chapter we presented the findings from quantitative and qualitative 
analysis approaches used in our research. The results from quantitative 
assessment of the messages was based on the metrics such as cognitive levels, 
participation, quantity of posts and computer code present in the messages.  The 
results presented have shown that majority of topics received more than 5 
replies, majority of questions were asked at remembering levels of RBT, followed 
by evaluating then creating levels.  
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The qualitative assessment was based on thematic and content analysis and 
was used to analyse novice behaviours in the MSLE and LMS. The qualitative 
assessment was also used to assess knowledge construction and social 
presence projections in the MSLE. The results showed that the themes that 
emerged from the LMSs also emerged in the MSLEs. The results also showed 
that more social projections were observed in the MSLEs than in the LMS. In 
terms of knowledge constructions, the results revealed that at least 33% of 
messages posted across the five MSLEs exchanged programming knowledge. 
These results showed that novices were socially and cognitively engaged in the 
learning of programming.  
 
The chapter presented in detail the differences in novice behaviour between the 
two environments, the MSLE and the LMS. Assessment of programming 
knowledge and social presence projections was presented using the Veerman & 
Veldhuis-Diermanse model and the Rourke et al. model, respectively.  
 
The next chapter presents our model to analyse programming knowledge and 
social projections in the messages from the MSLE. This model explicitly 
classifies all information shared in the MSLE and analyses not only course 
knowledge construction but also social presence projections in a single pass. 
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Chapter 7-  The Mobile Social Learning 
Environment (MSLE) Model  
 
In the previous chapter we presented the results of analysis of knowledge 
construction and social projection using the Veerman & Veldhuis-Diermanse 
(2001) and Rourke et al. (1999) models, respectively. The use of the Veerman & 
Veldhuis-Diermanse model to analyse programming knowledge construction 
however, could not explicitly categorize other meaningful information that was 
shared within the MSLE. For example, our findings revealed that the questions 
that students asked, information that students shared as links to useful 
programming sites or as simple computer code, would be better represented in 
the model as separate categories. In some cases, this information contained 
knowledge such as in the form of programming concepts, or as links to further 
information which might be worthy of their own categories, and which were 
difficult to associate simply as instances of a New idea, Explanation or 
Evaluation.  
 
The fact that not all programming related messages had programming 
knowledge in them, this model did not provide a way to separate messages, 
which did not contain programming knowledge from messages related to the 
programming course. It was very crucial for this study to be able to assess the 
percentage of programming knowledge exchanged, as this would determine the 
meaningfulness of the interactions.   
 
In order to measure novice interactions in the MSLE as meaningful in terms of 
programming knowledge construction, this study propose a MSLE model that 
incorporates additional categories necessary to fully classify programming 
knowledge exchanges.  This model also incorporates social categories in order 
to understand the extent of social projections while exchanging programming 
knowledge or while discussing programming related issues. The model 
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categorises messages with programming knowledge and social presence on a 
single pass. As part of the research contributions, this chapter presents the 
MSLE model that can be used to analyse programming knowledge construction 
and projection of social presence in a single pass. The chapter will also present 
the results of testing the MSLE model. 
 
7.1 The MSLE model  
 
The MSLE model is guided theoretically by the  social constructivism school of 
thought which views learning as a social process that is not a purely internal 
process nor  is it a passive development of behaviour shaped by external forces 
(McMahon, 1997). According to social constructivists, knowledge is a human 
product, and is socially and culturally constructed. Learners create meaning 
(knowledge) through their interactions with each other and with the environment 
they live in (Vygotsky, 1978). Learning occurs when learners are actively 
engaged in social activities. Learning  also occurs as students exercise, test, and 
improve their knowledge through dialogue, discussions, collaboration and 
information sharing (Brodahl et al., 2007).  
 
As a learning theory, social constructivism is widely accepted in all fields of 
education including in the application of technology to support teaching and 
learning. This acceptance is related to the capacity of computers and mobile 
devices such as laptops, tablets or even smartphones to provide interactive 
environments that create means for implementing constructivist strategies 
(Kanuka and Anderson, 2007). The use of computers and telecommunication 
technologies support the process of social construction of knowledge, however, 
they create text-based archives as a result of the interaction process. In order to 
know whether or not interaction has enhanced learning, the text-based archives 
need to be analysed and understood in terms of learning (Woo and Reeves, 
2007). 
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The MSLE model aims to investigate course knowledge exchanged in the MSLE 
and the way students expressed themselves socially while exchanging 
knowledge. In this model, text-based archives (student messages) are first 
classified as Course Related and Not-Course Related messages (Figure 7.1). 
The Course Related messages are messages exchanged by students that are 
either related to the course or related to the course’s tasks at hand, such as 
assignments, tests, quizzes and examinations. The Course Related category is 
sub-categorised into Course Knowledge and Not-Course Knowledge categories, 
wherein messages containing course knowledge and with no course knowledge 
are classified, respectively. The Course Knowledge messages contain explicit 
expressions of knowledge or meaning as far as the course is concerned. For 
example, known expressions, definitions, concepts or facts, opinions, 
explanations and evaluations provided during discussions, questions (that first 
present concepts before posing the questions) and other course knowledge 
shared through links (information sharing) are all classified under the Course 
Knowledge category.  
 
In order to explore student projections of social presence while exchanging 
course knowledge, we classify Course Knowledge into Socially Expressed and 
Not-Socially Expressed categories first. The Socially Expressed category 
contains messages with course knowledge projected with social presence, either 
affectively, interactively or cohesively. The Socially Expressed and Not-Socially 
Expressed categories are further sub-categorised into New ideas, Explanation, 
Evaluation, Question and Information Sharing. Messages in the New Idea 
category contain factual information, opinion or theories related to course 
content, while the Explanation category will hold messages that refine or 
elaborate upon what was stated in previous messages or elsewhere in the 
discussion. The Evaluation category contains postings that provide a critical view 
of an earlier post or contribution. The Question category will hold questions that 
students use to initiate discussions while the Information Sharing category has 
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messages that contain links or statements that have course knowledge which 
students have decided to share with others.  
 
 
 Figure 7.1: The MSLE Model to analyse course knowledge and social 
projections. 
 
The Not-Course Knowledge category is sub-categorised into Question, Social, 
Information Sharing and Technical categories. All questions that relate to the 
course but do not present any concepts (short questions) are   classified under 
the Question category of the Not-Course Knowledge category.  
 
The Social category of the Not-Course Knowledge category contains course 
related messages socially expressed, but do not have any course knowledge in 
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them. The Information Sharing category under the Not-Course Knowledge 
category mainly contains links and statements that students decided to share 
with others, and sometimes announcements and course related reminders. 
Messages that contain technical information related to the course are classified 
under the Technical category of the Not-Course Knowledge category. 
 
The second category of the message is the Not-Course Related category, which 
includes messages discussing other courses in which students are enrolled, or 
technical issues with the University’s LMS or student life outside University. This 
category is sub-categorised into Other Courses, Technical or Social categories, 
respectively, however, the Not-Course Related category did not contribute to the 
analysis of meaningful interactions in terms of knowledge construction. The 
Course Related category and its sub-categories of Figure 7.1 shown in green, 
are the parts of the model that assess course knowledge construction. 
 
In the context of our research, the course used for assessment of knowledge  
construction was Programming 1; therefore messages are categorised as 
Programming Related or Not-Programming Related messages. The 
Programming Related messages are messages exchanged by students that are 
either related to the Java programming language or related to programming tasks 
at hand, such as assignments, tests, quizzes and examinations. These 
messages are categorized under Programming Related category. The 
Programming Related category is sub-categorised into Programming Knowledge 
and Not-Programming Knowledge categories, wherein messages with 
programming knowledge and messages with no programming knowledge are 
classified, respectively. The programming knowledge messages contain explicit 
expressions of knowledge or meaning as far as programming language is 
concerned.  
 
Social projections are social expressions student used while posting a message.  
According to Rourke et al. (1999), social projections can be affective, interactive 
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or cohesive expressions. Hence, a socially projected or expressed message will 
contain characteristics as shown in Table 5.7. Depending on the way students 
express themselves while exchanging programming knowledge, the 
Programming Knowledge category is sub-categorised into Socially Expressed 
and Not-Socially Expressed categories, so as to separate socially projected 
programming knowledge from other programming knowledge messages. The 
Socially Expressed and Not Socially Expressed programming knowledge 
messages are further sub-categorised into New idea, Explanation, Evaluation, 
Information Sharing or Question. 
 
Messages in the New idea category contain factual information related to 
programming, or provide one’s view of a programming concept or one’s view of 
what is being discussed. These can be definitions or known expressions related 
to programming. Examples of messages under this category are:- 
 
"program is a set of an instruction while Application is a get use of that 
instruction of a program. Yes application is not a program" 
 
“ both "if" and "do-while" loops use a conditional test, but one lets you 
choose a block of code to execute and one lets you *re-run* a block of 
code (i.e. loop)" 
 
"What I think it is, it sounds like after you enter the string, the program is 
not checking that string to further do something with is like reverse it. 
Check again what the method does right after you enter a string in the 
scanner. To check make the method to print out the string entered and 
this way you find out if your string becomes those words you entered in 
scanner. You can also get the method to check the length of that string 
and to print the length out, so this way you can find out if your method 
creates the string properly and if that is all good than there is an issue with 
the way logic of the reverse method. Let us know how you went". 
 
“I think teaching people BODMAS makes them more confuses tbh. You 
have to remember that it doesn't mean you do it in exactly that order." 
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The Explanation category contains messages that further refine or elaborate 
earlier ideas, or further explain a previous programming concept or question, (       
Figure 7.2 ). Examples of message under Explanation category are:- 
 
“ there are 5 rates but your if statement only captures 3 if i am reading it 
correctly?  Also with mine I converted the pickup times into minutes 
(pickupHours*60)+pickupMinutes” 
 
“Well, closeAuction() returns a boolean, so it's just saying you should 
check whether the result of the method is true or false and display a 
message as appropriate. ie. whether the auction was successfully closed” 
 
 
       Figure 7.2: An example of a question and explanation posts from the MSLE. 
 
The Evaluation category consists of messages that critically discuss earlier 
information, ideas or concepts, such as 
 
“my saveDetails() doesn't actually save anything.. it'll just load the details 
and return the concatenated string for PropertySaleSystem to do the 
actual saving.. calling it loadDetails() probably makes more sense!" 
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“Using a Scanner is the problem most of you are having. 
I use BufferedReader's readLine() method without any problems like this.” 
 
Messages that are socially expressed normally contain emotions or references to 
another member by name or express plurality. They may contain emoticons or 
other forms of expressions like greetings or phatics. Examples of Socially 
Expressed messages under the Programming Knowledge category are:- 
 
“Yep  sounds like scanner problem " 
 
“[Name], you're better off setting it out as [name] has. Seperate the two 'on 
peak' times into two if statements, same with the 'off peak'. See if that 
catches it." 
 
“ remember [name], you can’t shove into integer the double" 
 
“Mine does not work! Damn!!! [name], your != is spot on. So the correct 
test was if ((i % 3 == 0) && (i % 4) != 0)" 
 
 
The Information Sharing category has messages that contain links or statements 
that have programming knowledge which students have decided to share with 
others. For example:- 
 
“I saw a couple of questions about file writing, to figure out how to write to 
a file please look at this: http://stackoverflow.com/a/12793098 
its link in stack overflow that shows an example of file writing, when you 
go to the link it should highlight a field with the relevant information, its 
close to what is in the lecture notes...” 
 
“here it is w\o the dots 
class AddingInts { 
            public static void main(String[] args) { 
                BufferedReader stdin = 
                        new BufferedReader(new InputStreamReader(System.in)); 
                String firstStr, secondStr; 
                int first = 0, second = 0, sum = 0; 
                boolean valid = false; 
                do { 
                    try { 
 161 
                        System.out.println(\"Input an integer number\"); 
                        firstStr = stdin.readLine(); 
                        first = Integer.parseInt(firstStr); 
                        System.out.println(\"Input an integer number\"); 
                        secondStr = stdin.readLine(); 
                        second = Integer.parseInt(secondStr); 
                    } catch (NumberFormatException nfe) { 
                        System.err.println(\"Invalid input: try again\"); 
                        System.err.println(nfe); 
                    } catch (IOException ioe) { 
                        System.err.println(\"problem in input. Exiting ..\"); 
                        System.err.println(ioe); 
                        System.exit(1); 
                    } 
                } while (!valid); 
 
                sum = first + second; 
                System.out.println(\"The sum is: \" + sum); 
            } 
        }" 
 
Students mostly used questions to initiate discussions. These questions are 
grouped under the Question category. The questions that start by explaining 
programming concepts before the actual question are categorised under the 
Question category of the Programming Knowledge category as in the following 
examples:  
 
"I did not get why super.method2()  called method1() (from the B class). 
But with Dynamic Binding the method is determined by the object it is 
referencing which in this case is class B. this is why method1() from class 
A is not being called. is that the way it works?" 
 
“Going back over and doing some reading before i do another past exam I 
came back to this which can't be right... this is an extract from exception 
handling week 10 materials... Basically its a do-while loop surround a 
try..catch statement, the way it should work so long as the valid of boolean 
type is false it will continue to loop so every time theres an exception valid 
should equal =false but if theres no exception thrown then valid will equal 
true. BUT the statements that set valid to be either true or false 
accordingly are missing so how is this meant to work?” 
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The Not-Programming Knowledge category is sub-categorised into Question, 
Social, Information Sharing and Technical categories. All questions that relate to 
the programming course but do not present a programming concept in the 
question (short questions) are classified under the Question category of the Not-
Programming Knowledge category. However, most of the time such questions 
trigger programming knowledge exchange. Examples are:  
 
“how to debug nullpointerexceptions?” 
 
"int input = console.nextInt(); 
int result = (input == 0 ? 0 : (input < 0 ? -1 : 1)); 
whats this 0 ? 0 : mean i’ve seen it before but dont know what it is (forgot)" 
 
Messages that do not have programming knowledge but are socially expressed 
are grouped under the Social category of the Not-Programming Knowledge 
category (Figure 7.3). Examples of such messages are:  
 
“ah dude. legend. haha got it to compile. thanks man.” 
 
“Hey Steve after reading through the index of I figured it out last night 
finally!! Thanks heaps for the help appreciate it!” 
 
 
    Figure 7.3: An example of programming related-socially expressed but no 
programming knowledge post 
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The Information Sharing category under the Not-Programming Knowledge 
category mainly contains links and statements that students decided to share 
with others, and sometimes announcements and reminders. Examples are: 
 
“Result for assignment 3 just arrived - 180/180” 
 
“There was an interesting chat session last night on the various 
approaches to use for the file handling sections in Assignment 3. Well 
worth getting the recording if you haven't started this bit yet. May save you 
sometime” 
 
The Not-Programming Related category contains messages that discuss other 
courses students in which are enrolled, student life outside University, technical 
issues with the University’s LMS, IDEs such as Eclipse and NetBeans and 
emerging issues from other sites. These messages are categorised as Other 
Courses, Social or Technical. Examples of messages that are classified as 
Technical are shown in Figure 7.4   
  
 
Figure 7.4: Example of technical messages posted in the MSLE 
 
The Social category under the Not-Programming Related category contains 
messages that are socially expressed but are not related to programming course 
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content. These messages are more around social life and social activities, for 
example: 
 
“Haa!. Wow, that's embarrassing (:P  I think it's time for a drink.” 
 
“happy 420 to everyone who knows what that means ☺” 
 
“Does anyone have any advise on how to get into the it industry with no 
experience? I have only completed first year of this course so far and have 
no self taught programming skills that most of you seem to have.. There is 
a cust service role at Iinet that looks good but pays about 30k less than 
what I am currently on. Does anyone work there? Any tips please?” 
 
Examples of messages classified under the Other Courses category are  
“I was spewing, I dropped Data Comms & Net-centric computing only to 
find out it's not avail till SP3 next year. Looks like my study plan will be 
thrown out a bit by prerequisites too. Thanks for the info, those who 
posted." 
 
“Bah. Unless I can figure out a way to twist some arms it looks like I'll just 
have to do Web Programming or something over summer." 
 
7.1.1 Unit of analysis 
The unit of analysis refers to the basic unit of text to be classified during the 
content analysis. Data have to be unitized before they can be coded. 
Researchers can consider messages (email or forum contributions or post), 
paragraph (section), ‘unit of meaning’ (or thematic unit), sentence (syntactical 
unit) an illocution (Strijbos et al., 2006). The choice of unit of analysis depends on 
the research context; however, it is important to choose a unit that multiple raters 
can identify reliably (Rourke et al., 2001). 
 
For this model, a novice message posted in the MSLE was considered as a unit 
of analysis. As shown in Figure 6.6, a message can be a topic or a reply. A 
message has one or more sentences.  There are several advantages of using 
messages as units of analysis. They include: 1) a message is objectively 
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identifiable, so that multiple raters can consistently agree on the total number of 
messages to be coded; 2) messages produce manageable data sets; which is 
not possible in the case where messages are subdivided, and 3) a message is a 
unit that is identifiable by the author of the message (Rourke et al., 2001; Strijbos 
et al., 2006). Therefore, for the purpose of our classification, we considered a 
message as the smallest, semantic unit of information authored by one 
individual. Moreover, they are more manageable in the sense that fewer units of 
classification emerge, over the use of finer grained units such as sentences or 
words. A possible downside of a message as the analysis unit is that such a 
coarser granule might lead to some messages containing information that could 
potentially belong to several categories (for example, a message might contain 
both Programming Related and Not-Programming Related content). However, in 
the context of our MSLE model, we argue that messages represent a reasonable 
and preferred option, as most messages are likely to be related to single issues. 
 
7.1.2 Reliability of the MSLE model 
Reliability of the model is in turn based on the reliability of the coding scheme. 
Reliability of a coding scheme is a concern of many researchers employing the 
content analysis approach to analyse their data. According to Weber (1990), 
different people should code the same text the same way. It is important that the 
classification produced be reliable in the sense of being consistent. There are 
three different tests of reliability of coding scheme. These tests are: the stability 
test, the reproducibility and the accuracy tests (Krippendorff, 2004).  The most 
commonly discussed and reported tests are the stability and reproducibility tests. 
The stability or intrarater reliability is one whereby a single coder codes a pilot 
sample at different times and compares the code produced at each time. The 
second test is reproducibility or inter-coder or interrater reliability where several 
trained coders code the same data set and compare the coding produced. The 
interrater test aims to find whether the coding scheme leads to the same text 
being coded in the same category by different coders. In other words, the 
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researchers seek to attest that the coded data or dataset they have produced 
through content analysis are in fact reliable. The third test is accuracy which 
requires coders to code the same way as some known standards.  Measuring 
and reporting reliability of coding schemes help to support that the findings are 
not based on the subjective judgement of an individual researcher (Stemler, 
2001). 
 
There are a number of statistics that have been used to measure interrater 
reliability. The common two are the Percent agreement and the Cohen’s kappa. 
The Percent agreement between raters is fairly simple procedure that involves 
adding up the number of cases that were coded the same way by the two raters 
and dividing by the total number of cases (Milne and Adler, 1999). However, this 
approach does not take into account the possibility that some of the agreement 
may have occurred by chance (Cohen, 1960; Krippendorff, 2004).  The Cohen’s 
kappa, symbolized by lower case Greek letter k , is a robust statistics useful for 
testing both interrater and intrarater reliability (McHugh, 2012). Cohen’s kappa is 
a chance-corrected measure of interrater reliability that assumes two raters, N 
cases, and C mutually exclusive and exhaustive nominal categories (Rourke et 
al., 2001). The calculation of Cohen’s kappa requires the knowledge of the 
number of coding decisions to be made by coders. Cohen’s kappa can range 
from -1 to +1, where 0 represents amount of agreement that can occur by chance 
and 1 represents a perfect agreement between the raters. According to Cohen, 
although possible, it is very unlikely in practice to have Cohen’s kappa coefficient 
below 0 (Cohen, 1960).   
 
The Cohen kappa coefficient k  is expressed as 
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where    
 
is the proportion of times that the raters agree,   is the    proportion 
of agreement that would be expected by chance and N is  total number of 
messages coded (Cohen, 1960; Krippendorff, 2004).   
 
Table 7.1 is a generic 2x2 contingency table  that uses  familiar proportions a, b, 
c and d  to illustrates how   
 
and    are expressed for two raters rating data in 
two categories C1 and C2.  
 
Table 7.1: Generic contingency table 
    Rater 1   
  Categories C1 C2 Totals of Rater 2 /Row Marginal 
Rater 2 C1 a b a + b 
C2 c d c + d 
  
Totals of Rater 1 
/Column marginal a + c b + d N= a + b + c + d 
 
aq  is the proportion of the number of times the raters agree (total along 
diagonal), and is expressed as   
( )baqa += . 
cq  is the proportion of agreement expected by chance alone, and  is expressed 
as 
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One of the interpretations of the Cohen’s kappa coefficient is shown in Table 7.2. 
We note that there are no universally accepted guidelines  for Cohen’s kappa 
coefficient interpretations, but the majority provide guidelines that characterize 
Cohen’s kappa coefficient over 0.75 as excellent, 0.40 to 0.75 as fair to                                   
good and  below  0.40  as poor (Fleiss et al., 1981, 2013; Gwet, 2012).  
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Table 7.2: Interpretation of Cohen's kappa (Fleiss et al., 1981) 
Value of Kappa    Level of Agreement    % of Data that are Reliable 
0-0.20 None 0-4% 
0.21-0.39 Minimal 4-15% 
0.40-0.59 Weak 15-35% 
0.60-0.79 Moderate 35-63% 
0.80-0.90 Strong 64-81% 
Above 0.90 Almost Perfect 82-100% 
 
For our model, reliability was established using both Percent agreement and the 
Cohen’s kappa measurements. A sample dataset was coded by two independent 
coders who have extensive experience in teaching programming and were 
familiar with the MSLE model. The main categories of the model were given 
identification codes as shown in Table 7.3. 
 
Table 7.3: Identification code for different categories of the MSLE model 
Category 
Identification 
Code 
Course/Programming Related 
Programming Knowledge Socially Expressed  New Idea PKSENI 
Programming Knowledge Socially Expressed  Explanation PKSEEX 
Programming Knowledge Socially Expressed  Evaluation PKSEEV 
Programming Knowledge Socially Expressed  Question PKSEQ 
Programming Knowledge Socially Expressed Information Sharing PKSEIS 
Programming Knowledge Not Socially Expressed New ideas PKNSENI 
Programming Knowledge Not Socially Expressed Explanation PKNSEEX 
Programming Knowledge Not Socially Expressed Evaluation PKNSEEV 
Programming Knowledge Not Socially Expressed Question PKNSEQ 
Programming Knowledge Not Socially Expressed Information Sharing  PKNSEIS 
Not-Programming Knowledge Question NPKQ 
Not-Programming Knowledge Social NPKS 
Not-Programming Knowledge Information Sharing NPKIS 
Not-Programming Knowledge Technical NPKT 
Not-Course/Programming  Related 
Not-Programming Related Technical  NPRT 
Not- Programming Related Other Courses NPROC 
Not- Programming Related Social  NPRS 
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Table 7.4 presents the results from two coders who coded 32 randomly picked 
messages extracted from MSLEs. We used these results to establish the Percent 
agreement and Cohen kappa coefficient. Note that Table 7.4 presents only the 
identification codes identified by the coders. 
 
From Table 7.4,  
N = total number of messages coded=32 
aq = number of times the raters agree (sum along diagonal) = 28 
Using the approach expressed in Table 7.1 and the data from Table 7.4, then cq   
is obtained by multiplying row marginal and the corresponding column marginal 
entries then divide by the total number of messages coded, as follows: 
cq = [(3*3)/32] + [(2*2)/32] + [(1*2)/32] + [(4*4)/32] + [(3*3)/32] + [(2*2)/32] +  
         [(17*16)/32] 
 
cq = 9.875 
 
Table 7.4: Data for kappa calculations 
 
 Coder 1  
 
Categories PKF PKIS PKO PKEX PKEV PKQ NPKQ NPKS Row Marginal 
C
o
de
r 
2 
PKF 1 0 0 1 0 0 0 1 3 
PKIS 0 2 0 0 0 0 0 0 2 
PKO 1 0 1 0 0 0 0 0 2 
PKEX 1 0 0 3 0 0 0 0 4 
PKEV 0 0 0 0 0 0 0 0 0 
PKQ 0 0 0 0 0 3 0 0 3 
NPKQ 0 0 0 0 0 0 2 0 2 
NPKS 0 0 0 0 0 0 0 16 16 
 
Column 
Marginal 3 2 1 4 0 3 2 17 32 
 
Therefore, 
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(1) Percent agreement=
N
qa
  28/32 = 87.5% 
 
(2) kappa ( k ) = (28 - 9.875) / (32 - 9.875) = 0.82 
 
Hence from Table 7.4, the Percent agreement established between the two 
coders is 87.5% and the reliability ( k ) is 0.82. This Cohen kappa coefficient ( k ) 
of 0.82 or 82% is a strong agreement (Table 7.2), and shows our coding scheme 
is reliable. 
 
7.1.3 Testing of the MSLE model 
Our model was tested using messages extracted from two MSLEs for two 
cohorts, on-campus and online. The on-campus students were enrolled in the 
Programming 1 course offered between March and June 2013.  We extracted 
862 messages from this cohort for testing. Students from the online cohort were 
also enrolled in Programming 1 which was offered between February and April 
2013. We extracted 1,632 messages from this cohort to test the model. The two 
courses were taught by different instructors. 
 
 
Figure 7.5: Programming related versus Not-Programming related messages 
using the MSLE model 
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The results showed that 82.9% of the messages posted from the on-campus 
cohort and 81.3% of the messages from the on-line cohort were programming 
related, and  only 17.1% and 18.7% of messages posted were non-programming 
related, respectively (Figure 7.5). 
 
Table 7.5 presents the percentages of programming knowledge that was 
exchanged among novices within each cohort out of the programming related 
messages. From this Table, 47.1% and 41.2% of the programming related 
messages, from on-campus and online cohort had programming knowledge 
exchanged, respectively.  
 
Table 7.5: Percentages of knowledge construction in the MSLE using the MSLE 
model 
MSLE On-campus Online 
Percentage of knowledge construction in the 
messages related to the course 47.1% 41.2% 
Percentage of knowledge construction over 
all messages posted 39.1% 33.5% 
 
Table 7.5 also shows the percentages of messages that exchanged 
programming knowledge out of all messages posted in the MSLE, which were 
39.1% and 33.5%, respectively. 
 
In both cohorts, programming knowledge was mainly exchanged through 
explanation of concepts or ideas. Figure 7.6 shows that  51% and 61.6% of 
programming knowledge was contributed in the Explanation categories of on-
campus and online cohorts, respectively. Of the messages containing 
programming knowldege, only 30% from the on-campus cohort and  40% from 
the online cohort were socially expressed. Social projections from the messages 
that did not carry any programming knowledge were 62% and 83% from on-
campus and online cohorts, respectively (Figure 7.7). This shows that overall, 
students were less social while exchanging programming knowldege. 
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Figure 7.6: Programming knowledge contributions from different categories 
 
The contributions to Socially Expressed and Not-Socially Expressed 
programming knowledge from different categories are shown in Table 7.6. We 
see from this table that students express themselves more socially when asking 
questions. In many cases, discussions in the MSLE were initiated by questions, 
hence students would start by greetings or expressing themselves socially. 
 
 
Figure 7.7: Social projections in the programming related messages 
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Table 7.6: Socially expressed and not-socially expressed programming 
knowledge 
Cohort Categories 
Socially Expressed 
Programming 
Knowledge 
Not-Socially Expressed 
Programming  
Knowledge 
(%) (%) 
On- 
campus 
Explanation 41.5 55.1 
Question 17.8 12.7 
New ideas 28.7 19.9 
Information Sharing 11.8 11.4 
Evaluation 0.2 0.8 
Online 
Explanation 61.5 61.7 
Question 18.8 13.4 
New ideas 6.4 8.8 
Information Sharing 13.3 14.3 
Evaluation 0 1.8 
 
7.1.4 Advantages of the MSLE model 
The MSLE model to assess programming knowledge construction and social 
projections has several advantages.  
 
1. We can separate programming knowledge and not-programming 
knowledge messages from programming related messages. Since not all 
programming related messages had knowledge in them, this classification 
helped to assess meaningfulness of novice interactions early enough 
compared to the Veerman & Veldhuis-Diermanse model. 
 
2. We can separate socially expressed programming knowledge messages 
from programming knowledge messages. This assesses the extent to 
which students sustained discussions while exchanging programming 
knowledge (Figure 7.8). 
 
 174 
 
Figure 7.8: An example of a socially expressed post with programming 
knowledge 
 
3. We can assess the extent of social presence projections in the not-
programming knowledge messages. This assesses the extent to which 
students sustained discussions while discussing issues related to 
programming or their course but does not have direct impact in the actual 
learning.  
 
4. We can separate socially expressed New Idea, Explanation, Evaluation, 
Information Sharing and Questions from those without social projections. 
This can assess the extent of social projections from individual categories 
of knowledge construction. For example, socially asked questions versus 
not socially asked questions.  
 
The additional categories in the MSLE model assisted in the classification of 
other communication behaviours that prevailed in the MSLE. For example, the 
Question category that had all questions asked within the MSLE. It was 
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interesting to find that percentage of socially asked questions was greater than 
for questions that did not project any social presence (Table 7.6).  
 
7.2 Summary 
 
In this chapter we presented the MSLE model to analyse knowledge construction 
and social presence projections from messages extracted from the MSLE. The 
MSLE model explicitly categorises all information shared in the MSLE and 
analyses not only course knowledge construction but also social presence 
projections in a single pass. The MSLE model follows the social constructivist 
perspective of learning – knowledge is socially constructed, that social 
interactions enhance higher order thinking. Hence, this model analyses the by-
products of interactions from the MSLE – the messages, to determine the MSLE 
support of learning in terms of knowledge construction and social presence 
projections. 
 
We have presented the unit of analysis for the coding process, whereby based 
on the observed nature of discussions in the MSLE in Phase 1 and Phase 2, the 
use of a complete message (post) was deemed appropriate. The test for 
reliability of the model considered the possibility that some agreement between 
raters might have occurred by chance; hence two different tests for reliability 
were reported – the Percent agreement and the Cohen Kappa ( k ) coefficient, 
which both showed consistency in the classification process. 
 
The model was tested using messages extracted from MSLEs of the two cohorts 
and the results were presented together with the benefits of the using the MSLE 
model to analyse knowledge construction and social presence projections. The 
next chapter dwells more into discussion of our research questions and 
presentation of the guidelines on appropriate use of the MSLE in learning and 
teaching context. 
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Chapter 8-  Discussion 
The aim of this research is to answer four research questions that seek to 
examine whether or not the MSLE will support novices in their learning of 
programming. The first research question seeks to establish novice perceptions 
and experiences of the MSLE in supporting the learning of programming, what 
students perceived of the MSLE and their experiences, before and after using it. 
The second research question explores behavioural differences between 
interactions in the MSLE and in the LMS,  how novice interactions in the MSLE 
differed from the LMS. The third research question seeks to find an instrument to 
describe and measure as meaningful, the novice interaction behaviours in the 
MSLE in terms of knowledge construction and projection of social presence, 
which together facilitate the exchange of knowledge among novices in the MSLE.  
The fourth research question seeks to find appropriate guidelines to incorporate 
the MSLE into the teaching of programming, in order to enhance interactions and 
engagement and support learning of programming. In this chapter, we present 
our discussion of the results based on these research questions. 
 
8.1 Research Question 1: What are the novice perceptions and 
experiences of the mobile social learning environment for 
supporting learning of programming?  
 
The knowledge of novice perceptions and, subsequently, their actual 
experiences in using the MSLE are important for this study because we are 
interested in integrating MSLEs into teaching and learning of a novices 
programming course. Novices are the focus of our research, hence it is important 
to consider their perception of the MSLE before it is being integrated into their 
learning (Irwin et al., 2012). To incorporate the MSLE, novices were to use 
mobile devices and had to have accounts on social networking sites. As we 
aimed to increase interactions between novices who were not limited to specific 
physical locations or time zones, it was necessary for novices to have mobile 
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devices capable of accessing the Internet. However, novices who had no such 
devices were allowed to participate using desktop PCs. 
 
Before the implementation of the MSLE we needed to conduct a feasibility study 
for the following reasons: First, not all novices have mobile devices capable of 
accessing the Internet, though previous studies have indicated that, as at the 
time the study was reported, 95% of university students owned a handheld 
devices (Kennedy et al., 2008; Litchfield et al., 2007).  Second, some previous 
studies have shown that students are not willing to use SNSs for academic 
purposes due to a myriad of issues, such as those related to privacy and trust of 
SNSs (Dwyer et al., 2007; Griffith and Liyanage, 2008; Timm and Duven, 2008; 
Vorakulpipat et al., 2011). Third, students were to use their own mobile devices; 
hence, some cost implications were likely to be associated with the research 
participation. 
 
The results of the feasibility  study of the MSLE in the three phases showed that 
there was a very high percentage (>88%) of mobile device ownership among 
novices and the devices were capable of accessing the Internet (Table 8.1). 
These mobile devices included smartphones, mobile phones, tablets or PDAs 
and laptops. The willingness to use SNSs for academic purposes was above 
50%, in all study phases.   
 
Table 8.1: Feasibility studies for different phases  
 Phase 1 Phase 2 Phase 3 
Mobile device ownership >88% >87% >88% 
Willingness to use SNS for academic purposes >57% >73% >81% 
Willingness to use own mobile devices >50% >56% >55% 
SNSs membership on  Facebook >85%  >75%  >90% 
Willing to participate >50% >67% >75% 
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The percentages of students willing to use their own mobile devices were above 
50% and Facebook was the popular social networking site having more than 
75% members from each study phase. We also noted that some novices had 
used SNSs before for academic purposes, and the chi-square test conducted 
showed that there was a relationship between having previous experiences on 
the use of SNSs for academic purposes and willingness to use SNSs for learning 
of programming. 
 
The majority of novices agreed that the MSLE would support their learning of 
programming in Phase 2, for each of cohort A, cohort B and cohort C, and in  
Phase 3 for cohort A and cohort C (cohort B did not participate).  According to 
novices, the MSLE would support the learning of programming for the following 
reasons. 
 
(i) Instant access – Instant access to discussion spaces was considered as 
an advantage, as, regardless of the device used, it was considered faster 
to access social networking sites than university LMSs. There are several 
layers students need to navigate through to reach discussion forums in 
the LMS as opposed to the SNSs. 
 
(ii) Instant feedback – Students would receive instant feedback as SNSs are 
popular and many students would join in, as a result, a question posted  is 
more likely to be seen and answered.  Also, the notification systems of 
popular SNSs would alert users of what has been posted instantly, which 
in turn would facilitate feedback notifications and hence support learning 
in the MSLE. 
 
(iii) Interactions – According to students, the majority of them are familiar with 
SNSs. Hence the MSLE would be a familiar environment. This would 
attract many into the MSLE who will be involved in discussions (asking 
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and answering questions) anytime, anywhere, and, as a result, 
interactions among them would increase. 
 
(iv) Mobility – As mobile devices have formed an integral part of students’ 
daily lives, most of them are mobile. Discussion environments accessed 
through mobile devices support their learning as they can access such 
environments and conduct discussions anytime, anywhere. 
 
(v) Knowledge sharing – Students would gain new information and 
challenges from others in the MSLE. Through the upload of course-
related links and materials, asking and answering questions, students will 
be involved in the process of sharing programming knowledge with one 
another.  
 
(vi) Collaboration – According to students, contributions of unique ideas from 
different students would always be helpful rather that from a single 
source. While working with group assignments, different approaches on 
how to solve a particular question would be helpful. 
 
(vii) Friendship formation – Through interactions in the MSLE, students would 
establish friendships or connections that would lead to the formation of 
learning communities throughout their university lives. It is easier to send 
personal emails in the MSLE than in the LMS. 
 
(viii) Communication – The MSLE would make communication among 
students easier and faster. Students would broadcast their questions and 
be sure that the questions will be seen by many via the notification 
system either by email or when they  next login to the MSLE. 
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The minority of students (18%,3% and 25%) in Phase 1, (21%,10% and 8%) in 
Phase 2, for Cohorts A, B and C, respectively, and (3% and 6%) in Phase 3, for 
Cohorts A and C, did not agree that the MSLE would support their own learning 
because they would not use the MSLE due to the high cost of mobile devices 
capable of accessing the Internet and SNSs. In order for students to be online 
anytime, anywhere, they incurred charges for data connection. Some of these 
students were not ready to use SNSs for academic purposes, as for them, SNSs 
are meant for socialization with friends and relatives. Students would like to 
separate social life from academic life. Internet media also are more likely to 
bring distractions to students; as a result, some students could not see the 
potential of the MSLE in supporting learning.  
 
In a five point Likert-scale questions presented to students in Phase 2, students 
agreed that the MSLE would encourage them to engage with their learning of 
programming (mA =3.89, mB =4.43 and mC =3.98), the MSLE would encourage 
them to interact with other students (mA =3.68, mB =4.45 and mC =3.85), and 
that the MSLE would be useful for their learning of programming (mA =3.81, mB 
=4.48 and mC =4.06), for cohorts A, B and C, respectively.  We also noticed in 
Phase 3 (Table 4.6) that students agreed that the MSLE would support their 
learning and would encourage participation and interactions.  
 
Our results indicate that the MSLE is perceived to be an environment that will 
support novice learning of programming by 1) encouraging engagement with 
learning; 2) encouraging interactions among students; 3) helping students to 
establish further learning groups, which are all important for their success, similar 
to the findings of  Munoz and Towner (2009); 4)  creating a tension-free platform 
that will let students freely discuss, chat and brainstorm around issues related to 
their learning of programming, as we have found that they freely discuss 
programming ideas via the provision of an environment that is easily accessible, 
friendly and dynamic. Hence, according to students, the MSLE is useful for their 
learning of programming. 
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Novices agreed that they experienced an increase in their engagement with the 
learning of programming: 78%, 97% and 71% in Phase 2, for cohort A, cohort B 
and cohort C, respectively, and 88% and 86% in Phase 3, for Cohort A and 
cohort C, respectively. Cohort B did not participate in Phase 3 and we did not 
collect novice experience data in Phase 1 and Phase 4.  The five point Likert-
scale questions presented in the post-survey to students in Phase 2 showed that 
students, through the use of the MSLE, had been encouraged to engage more in 
their learning of programming (mA=4.09, mB=4.63 and mC=3.96), for cohort A, 
cohort B and cohort C, respectively. Through asking and answering questions 
related to programming, students found themselves engaging more with learning. 
According to novices, the tips and directions in approaching problems provided 
by other students motivated them to engage more in learning, and, as a result, to 
gain a lot of programming knowledge. 
 
The majority of students noticed an increase in their interactions: 75%, 95% and 
88% of students in cohort A, cohort B and cohort C in Phase 2, and 80% and 
88% of students in cohort A and cohort C in Phase 3, respectively. Regardless of 
other opportunities for interactions novices had (Table 3.1), they still found 
themselves interacting more in the MSLE because of ease of access to the 
MSLE; relatively quick real-time responses; and familiarity of social and dynamic 
environment. The five-point Likert-scale questions presented in the post-survey 
to students in Phase 2 also showed that students, through the use of the MSLE, 
had been encouraged to interact with other students (mA =4.00, mB =4.68 and mC 
=4.03) for cohort A, cohort B and cohort C, respectively. Table 4.7 in Phase 3 
also shows that students agreed to have been encouraged to interact with other 
students (mA =3.74, mC =4.57) for cohort A and cohort C, respectively. 
 
From the novice experiences, the use of the MSLE increased their interactions 
with each other and encouraged them to interact through asking and answering 
questions and sharing of programming knowledge through uploads via links 
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related to programming. Results from the two study phases showed that novices 
from respective cohorts tended to agree that the MSLE had been useful for their 
learning of programming. Novice experiences with the use of the MSLE to 
support their learning of programming were statistically significant: (t (28) 
=22.529, p<.05) in Cohort C but statistically insignificant: (t (28) =0.585, p>.05) in 
Cohort A, face-to-face (Table 8.2).  
 
Table 8.2: Students perceptions and experiences of MSLE in Phase 3 using 5 
points-Likert Scale. Strongly agree = 5 to strongly disagree =1 
 Provide your feedback regarding the use of your MSLE  
for supporting your learning of programming 
Cohort A 
mean (m) 
Cohort C 
mean (m) 
Item 
 
Pre Post Pre Post 
 
 p> .05 p< .05 
(i) I logged  in  more  frequently to the MSLE than to the  
LMS 3.97 3.71 3.63 4.71 
(ii) The MSLE provided an  easy  access to discussions and  
chats 3.97 4.18 3.75 4.86 
(iii) I feel I participated more in asking and answering questions 
in the MSLE than in the LMS 3.86 3.76 3.56 4.86 
(iv) It was easier to make class friends in the MSLE than in the 
LMS 3.97 3.76 3.81 4.43 
(v) Student to student interaction was increased in this 
environment than in the  LMS 4.14 4.00 3.75 4.71 
(vi) Many students contributed to discussions by asking and 
answering questions 3.78 3.94 3.88 4.71 
(vii) The MSLE encouraged me to interact more with other 
students 3.81 3.74 3.69 4.57 
(viii) Instant feedback from other students facilitated my learning 
of programming by reducing learning difficult that I  faced 3.97 4.06 3.81 4.57 
(ix) I was able to discuss with others while commuting to and 
from University/work 4.03 3.56 3.56 4.86 
(x) Having a place to ask questions and expect quick feedback  
contributed  to my success 4.00 4.19 3.81 4.86 
(xi) Interactions with other students were useful for my learning 
of programming 4.00 4.00 3.69 4.71 
(xii) Notifications of when a message is posted were helpful to 
keep track of all posts 4.06 4.06 3.69 4.71 
(xiii) Discussions with other students in this environment  helped 
to understand assignments further 3.92 3.88 3.94 4.57 
(xiv) Discussions were freely flowing because students were 
relaxed and open to each other 3.81 4.25 3.75 4.71 
(xv) Discussions in this group encouraged me to engage more in 
the learning of programming as I was able to access and  
learn anywhere anytime 
4.06 3.94 3.75 4.71 
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The statistically in-significant difference between perceptions and experiences in 
Cohort A could be explained by the age of the participants. The majority of 
novices in Cohort A (83% and 89%) in all phases were aged between 18 and 25, 
respectively. Novices from this age group are familiar with social networking 
sites, which are known to offer support for communication, engagement, 
interaction and peer feedback (Jahan and Ahmed, 2012; Selwyn, 2008). The 
majority of novices from cohort C were aged between 26 and 45, with many 
above 35 years, whom might not have been familiar with social networking sites, 
hence perceived SNSs more neutrally. From Table 8.2, all means are above 3.5 
which indicates agreement.  Since for cohort A the difference between means for 
pre and post surveys is not statistically significant, it means that novices 
experienced what they perceived about the MSLE. While for cohort C, their 
experiences were much higher than their perceptions. 
 
In summary, novices perceived the MSLE to be an environment that would 
encourage them to interact more among themselves because they can easily 
access it; the MSLE would be a friendly, familiar and dynamic (with non-fixed 
content) environment; the  MSLE would connect them anywhere, anytime; many 
students would join the MSLE as they already had accounts in SNSs; posts 
would be seen and answered relatively quickly due to the large number of users 
that would be in the MSLE, who could access it anywhere, anytime; they would 
post questions whenever they had conceived of them rather than waiting until 
one had access to the LMS; they would gain and share programming knowledge 
and challenges from each other; through tips and directions given to others, they 
would learn different approaches to solving programming problems; and, 
relatively quick feedback would encourage participation and hence engagement 
with learning that would lead to their success. 
 
 Novices experienced the MSLE as a learning environment that helped them to 
establish friendships; MSLE reinforced what they learned through answering 
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others’ questions; the MSLE minimized procrastination of doubts or questions 
which helped to reduce the time some students were stuck in a particular 
assignment question; gain programming knowledge from more knowledgeable 
others through discussions, chats and brainstorms; interact with more students 
within the course; students engage more with the learning of programming 
through asking, answering and reading posts; students asked questions they 
would not have asked during the lecture for the fear of potentially asking silly 
questions; students received real-time response from others that motivated them 
to stick to what they were doing;  novices experienced a friendly and tension-free 
environment where they were relaxed and open to each other; and, discussions 
were freely flowing and the environment supported their learning of 
programming. 
 
8.2 Research Question 2: How do novice interactions in the 
mobile social learning environment differ from interactions 
in the learning management system? 
 
Although novices reported in the survey of their experiences to have used the 
MSLE to support their learning of programming, the need to explore the 
differences between novice interactions in the MSLE and in the LMS was 
important in order to relate novice interactions in the MSLE to the learning of 
programming.  
 
The results of the thematic analysis of messages posted in the MSLE and in the 
LMS in Phase 2 and Phase 3 revealed several themes and subthemes. There 
were themes that were equivalent in both environments and some that were 
unique to each environment. The themes that appeared in both environments 
were Assignment, Examination, Test and quizzes, Learning materials and 
additional resources and Social cues (Table 8.3).  
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Themes that were unique to the MSLE in both study phases were Expression of 
dissatisfaction, Course admin, Provide encouragement, Discussions outside 
programming and General advice (Table 8.4).  These themes expressed social 
concerns of students, including expressions of personal feelings on particular 
issues, students encouraging one another, and provision of advice to others 
within the learning community. These themes were unique to the MSLE because 
of the advantages that it offered to students such as being easily accessed and 
being dynamic – with structured content. The MSLE was more populated as 
students accessed it more frequently than the LMS and, as a result, a message 
posted in the MSLE was more likely to be seen and answered quickly. 
Furthermore, students uploaded content related to programming from other 
sources that they considered to be more simplified or easy to understand 
compared to the content provided in the LMS. The content uploaded by students 
was helpful for other students who were struggling with certain programming 
concepts. 
 
Table 8.3: Themes identified from both the MSLE and the LMS 
Themes Phase 2 Phase 3 
 
MSLE 
(%) 
LMS (%) MSLE (%) LMS (%) 
Examination 9.0 4.5 6.0 14.2 
Assignment 35.8 59.9 53.0 55.2 
Test and quizzes 5.0 1.6 2.5 3.5 
Learning materials 
and additional 
resources 
15.8 17.8 4.0 4.3 
Social cues 17.7 8.1 19.7 10 
  
Themes that uniquely appeared in the LMS were Tutorial and practical work, 
Collaboration/community building and Question to the lecturer (Table 8.4).    
 
Comparing the themes in Table 8.3 and Table 8.4 we noted that the MSLE was 
used almost equally to the LMS for discussion of programming related issues, 
since more than 80% of the messages belong to the themes that are directly 
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related to learning of programming.  We noted fewer social cues in the LMS and 
there were no messages expressing dissatisfaction, personal feelings or 
encouragement of other students. 
 
Table 8.4: Unique themes to the MSLE and the LMS 
MSLE LMS 
 Phase 2 Phase 3  Phase 2 Phase 3 
Expression of 
Dissatisfaction 
3.6% 4% Tutorial and 
practical work 
- 5.4 
Provide 
Encouragement 
2.4% 2.8% Collaboration/ 
community 
building 
1.6% 0.7 
Course admin 3% 1.2% Question to the 
lecturer 6.5% 6.7 
Discussions 
outside 
programming 
6.7% 5%    
General advice 1% 1.9%    
 
Although the LMS was considered as an offline meeting point for students and 
the teaching team, the results show that students did not express themselves 
about the difficulties they were having with assignments or tests. Students did not 
fully express themselves socially or emotionally. Expressions of social and 
emotional feelings stimulate, sustain and support critical thinking in a community 
of learners (Kearns and Frey, 2010). A learning environment in which participants 
are not free to express themselves socially and emotionally makes the 
participants see the environment as impersonal and, in turn, the amount of 
information shared with others decreases (DiVall and Kirwin, 2012). This was 
evident in our results that showed that interactions in the LMS were less social 
compared to MSLE.  
  
On the other hand, a high projection of social presence (encouragement, 
expressions of personal-feelings) was noted in the MSLE interactions. Students 
asked for advice and received advice from others regarding courses to choose, 
how to handle file sharing, how to store data, how to download IDEs. Students 
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expressed their concerns and received moral support from others, as we 
reported in Chapter 4. These results showed that students felt less tense while in 
the MSLE, and this is also evidenced by their reported experiences (Table 4.7)  
(item xiv). Realizing the need for learning together in both phases, students in the 
LMS requested others to form study groups, for students residing in the same 
geographical area or city to meet face-to-face. Such groups would support one 
another despite having the LMS as their learning management system. Students 
also felt the need for a more dynamic and collaborative tool, where they could 
communicate, interact and share programming knowledge instantly.  
 
Having a large percentage of interactions in the MSLE being related to the 
supporting of learning, it seemed clear that the students generally preferred to 
use the MSLE, particularly for discussions about the best way to approach tests, 
assignments and examinations (Maleko et al., 2013). This is shown by the 
patterns of their interactions in Figure 8.1. Students used the MSLE to support 
them during major assignments and during examination preparations. Similar 
behaviours were noted by Gray et al. (2010) in their study with medical students 
where students gave more attention to using Facebook for study purposes than 
to their university LMS. 
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Figure 8.1: Total number of posts per week in the MSLEs.  
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In terms of programming related interactions, all major themes that appeared in 
the LMS were also in the MSLE. Interactions in the MSLE differed from those in 
the LMS mainly in the way students expressed themselves socially and 
emotionally. Students expressed themselves more socially and emotionally in the 
MSLE than in the LMS. According to Rourke et al. (1999)  this ability to project 
oneself socially and emotionally is termed as “social presence”. High levels of 
social presence create a learning environment that is perceived as warm, 
collegial, and approachable for all involved. Another benefit of social presence is 
its ability to instigate, sustain, and support cognitive and affective learning 
objectives by making group interactions appealing, engaging, and intrinsically 
rewarding (Rourke et al., 1999). Hence, compared to interactions in the LMS, 
student interactions in the MSLE were more appealing and engaging as they had 
greater social presence (see Table 8.3).  
 
8.3 Research Question 3: How can interactions in the mobile 
social learning environment be described and measured as 
meaningful in terms of programming knowledge 
construction. 
 
According to Woo and Reeves (2007), interaction is meaningful when it has a 
direct influence on a learner’s intellectual growth, that is, when the interaction 
directly influences the student learning. The meaning of meaningful interaction is 
highly related to the learning theories underlying the development of a particular 
learning environment (Vrasidas, 2000). As our MSLE is situated in the social 
constructivism learning theory, learning in the MSLE is therefore facilitated by the 
social interactions within it.  Social constructivists believe that  social interactions 
are integral part of learning (Kalina and Powell, 2010). In an online environment, 
social interactions  are enhanced by tools  such as chat rooms and discussion 
boards (Osman and Herring, 2007).  Since in the MSLE social interactions were 
mostly supported by chats and asynchronous discussions, meaningful 
interactions will be those that support learning of programming by the means of 
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which learning occurs. Hence, meaningful interactions in the MSLE are described 
as interactions that lead to syntactical and conceptual programming knowledge 
creation and sharing among novices. Syntactical knowledge is the knowledge  
about specific facts about a programming language and rules for its use (McGill 
and Volet., 1997). Conceptual knowledge is the knowledge  about  programming 
concepts, that is, programming constructs and principles. When these are 
learned and are applied to solve programming tasks, then we describe such 
interactions as meaningful. 
 
Novice interactions in the MSLE resulted in the generation of large number of 
text messages. Like other learning environments, the use of quantitative and 
qualitative approaches for assessing discussion messages cannot be avoided. In 
order to measure meaningful interactions in the MSLE, both approaches were 
used. The quantitative analysis involved analysis of novice interactions, in terms 
of participation, number of messages exchanged, number of posts (topics and 
replies), number of resolved topics, the number of posts containing programming 
code and the knowledge of the cognitive levels in which novices were engaged. 
From this quantitative analysis we were able to understand the mean messages 
per user, the mean number of replies per topic and the percentage of resolved 
topics in the MSLE for the five cohorts that were involved in our study. The 
average number of replies per topic or  the length of a thread being greater than 
5, provided evidence of social learning (Kay, 2006:a, 2006:b). On average, 
88.6% of members were active, with 11.6 as a mean number of messages each 
member posted (Error! Reference source not found.). The percentage of 
resolved topics, on average, was 49 and about 26% of users posted computer 
code.  On average, each topic received 7.6 replies and 6.6% of messages 
posted contained computer code.   
 
The quantitative analysis of the keywords contained in the questions posted by 
novices guided the investigation of cognitive levels they were engaged in. The 
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results showed a trend that did not differ much across the five cohorts examined 
in our study (Figure 8.2).  
 
Table 8.5: Quantitative results of messages across the 5 MSLEs. 
 Phase 2 Phase 3 Average 
 MSLE 
A 
MSLE 
B 
MSLE 
C 
MSLE 
A 
MSLE 
C  
Quantity of messages 
Mean number of messages per 
user 
6.4 14.5 16.7 7.2 13.3 11.6 
Mean number of replies per 
topic 8.3 7.1 7.6 6.6 8.5 7.6 
Percentage of messages 
containing computer code 6.25 9.75 4.5 5.8 6.8 6.6 
Percentage  of resolved topic 52% 56% 61% 41% 35% 49% 
Participation 
Percentage of Active members 83 75 93 97 95 88.6 
Percentage  of users who post a 
topic 
28 48 46 28 18 33.6 
Percentage  of users who post  a 
reply 
49 79 62 49 30 53.8 
Percentage  of users who post a 
both topics and replies 
25 44 44 27 17 31.4 
Percentage  of users who post a 
computer code 
24 44 25 18 17 25.6 
 
 
     Figure 8.2: Levels of questions asked in the MSLEs based on Revised 
Bloom’s Taxonomy 
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These quantitative analysis results were important to provide an overall 
understanding of novice interactions in the MSLEs. The above quantitative 
metrics contributed to the measurement of meaningful interactions in the MSLEs. 
 
In order to unravel information contained in the novice messages, content 
analysis was employed. The deductive approach to content analysis was used to 
assess these messages in terms of knowledge constructions. The assessment of 
knowledge construction helped to assert whether the interactions were 
meaningful to support learning.  
 
Table 8.6:  Programming knowledge construction across the five cohorts. 
 Phase 2 Phase 3 Average 
 MSLE 
A 
MSLE 
B 
MSLE 
C 
MSLE 
A 
MSLE 
C 
 
Percentage of 
knowledge 
construction in the 
messages related to 
programming 
57.3% 58.6% 47.1% 42.2% 52.2% 51.5% 
Percentage of 
knowledge 
construction over all 
messages posted 
46.5% 50.7% 40.1% 33.8% 46.4% 43.5% 
 
The use of the Veerman & Veldhuis-Diermanse (2001) model to measure 
knowledge construction revealed interesting results.  On average, 51.5% of the 
messages related to the programming course had programming knowledge, 
which constituted to 43.5% of total messages posted in the MSLE (Table 8.6). 
This percentage is significant considering that participation was optional and 
discussions were unstructured (Maleko et al., 2014). However, as we explained 
in Chapter 7, the  Veerman & Veldhuis-Diermanse (2001) model could not 
explicitly categorise other meaningful information such as questions that students 
asked, information that students shared as links to useful programming sites or 
as simple computer code. Hence, we proposed the MSLE model that  
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incorporates all categories of the Veerman & Veldhuis-Diermanse (2001) model 
as well as other categories that emerged from the analysis of messages from the 
MSLE, as seen in Figure 7.1. With the MSLE model we were able to assess 
knowledge construction and social presence projections from the messages 
extracted from the MSLE. The application of this model revealed interesting 
results such as being able to separate Socially Expressed programming 
knowledge messages from Programming Knowledge messages, to assess the 
extent of social presence projections in the Not-Programming Knowledge 
messages and to separate Socially Expressed New Idea, Explanation, 
Evaluation, Information Sharing and Questions from those without social 
projections. 
 
Hence,  interactions in the MSLE are meaningful if they result in programming 
knowledge (syntactical or conceptual) exchange. In order to measure such 
interactions, the use of the MSLE model is appropriate.  
 
8.4 Research Question 4: What are the appropriate guidelines 
for incorporating a mobile social learning environment to 
enhance novices learning of programming? 
 
Appropriate guidelines on how to incorporate the MSLE to support learning of 
programming will help to achieve the objectives of the MSLE. These objectives 
include increasing interactions among students, increasing engagement with 
learning, connecting scattered students and providing an easy, anywhere, 
anytime access discussion environment. We provide guidelines that when 
applied will increase meaningful interactions that would resulting in increased 
programming knowledge construction.  
 
The formulation of the guidelines was based on the results from Phases 2 and 3, 
with a focus on connecting novices, increasing interactions among novices and 
increasing engagement with learning. Also, the general participation and 
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interaction behaviours expressed by novices in the MSLE formed a basis for the 
formulation of these guidelines. The choice of both, a popular social networking 
site and allowing novices who do not own mobile devices capable of accessing 
the Internet to use other devices, helped to connect more peers.  We observed in 
both phases that novices participated more in answering questions. Therefore, 
encouraging novices to ask questions should help to increase interactions among 
them.  To increase engagement with the learning, uploading material related to 
the course and encouraging novices to upload course related materials would 
help to increase engagement with the learning. Based on novice interaction 
behaviours in the MSLE (see Figure 8.1), there is a need to connect novices 
early enough for meaningful interactions to be observed.  
 
Before we designed the guidelines, we were keen to know whether students 
would prefer to have some member of the teaching team (tutorial assistants or 
laboratory assistants) present in these MSLEs, so as to clarify issues related to 
the subject. We believed that in order for the MSLE to facilitate the identification 
of novice misconceptions early, there was a need for a presence of some 
members of the teaching team to provide prompt feedback whenever such 
misconceptions were identified. However, there were mixed opinions about 
giving access to the teaching team. Some students preferred the idea of 
permitting teaching team access to the MSLEs since, by doing so, they will reach 
more students easily and more quickly. 
 
“FB is a quicker platform than blackboard and more people use it more 
frequently so Tutors could probably reach more students easily and 
quicker...depending on how often they log in to FB. FB also has 
notifications so that you know when someone has posted a related 
comment etc...” 
 
“Anyone knowledgeable can be very helpful. This class takes so much 
time and study that other classes can suffer without extremely careful time 
management. Having people who genuinely know their stuff can save a lot 
of time.”  
 
Some students were unsure: 
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“Well yes and no, yes because it will provide more help for us students but 
no because maybe they won’t like the amount of helping going on and 
might want to shut it down.” 
 
“it will be good because people with more knowledge will be able to help 
out, but I will not like the tutors start censoring pieces of code that student 
post because we learn from others mistakes as we learn from helping 
them out” 
 
And, some students preferred not to have the teaching team (especially tutorial 
assistants) in the MSLE since they might restrict the flow of discussions. 
However, others thought that by having teaching team participation in the MSLE 
the free knowledge sharing attitude would be hindered. 
 
"I think the reason the group is so open and relaxed is because there are 
no tutors/mentors/lecture's who have access. I believe people would be 
less inclined to potentially ask questions, especially the day before 
something is due, for fear of being reprimanded”.  
 
“I think it's a great chance for other students to be able to share their 
knowledge. I have answered a few questions and until that moment I did 
not realise the extent of my knowledge of java. If tutors/mentors/etc had 
access to the page I think people would not bother answering, as much 
like on Blackboard, it would not be their place." 
 
 
Given these mixed opinions, we decided to design two different sets of guidelines 
one involving instructors and the other involving teaching assistants only. The 
following subsections present two sets of guidelines for MSLE use to enhance 
learning of programming. 
 
8.4.1 Guidelines for incorporating the MSLE with Instructor 
involvement 
 
The presence of an instructor facilitates instructor-to-student interaction, which is 
an important component of learning. In these guidelines, the instructor plays a 
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fundamental role in encouraging students to use the MSLE in the course. The 
instructors should introduce the MSLE to their classes. The instructor should be 
willing to spend time interacting with students and answer student queries in the 
MSLE as they would be doing in the LMS. However, queries in the MSLE are 
instant and students expect instant feedback. 
 
The guidelines include recommendations in several areas that the instructor 
needs to consider in order for the MSLE to meaningfully support novices in their 
learning of programming. The recommendations are in the following areas: 
content, participation, privacy, group existence, rules of engagement, self-
disclosure, assessment and accessibility. 
  
1. Clear focus of what is expected to be discussed  
The instructor needs to define what is expected of students in the MSLE. The 
instructor should provide a clear focus of the discussion, however, some margins 
for discussions outside the course should be allowed, if it is for the advantage of 
the group. 
 
2. Define the rules of engagement, what is expected of students and their 
participation 
The instructor should let students know how they are supposed to engage in 
discussions or chats or brainstorming, and that anyone, anytime, can ask or 
answer someone else’s question or query. The instructor may set other rules of 
engagement such as limiting discussions outside the course, limiting course-
related links to be shared in the MSLE, and providing rules for expressions such 
as politeness and respect for each other. To keep discussions happening, the 
instructor may decide to post questions on a daily basis or ask students to post at 
least once per week or answer one query per week. 
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3. Make effective use of the MSLE 
The instructor should encourage students to ask questions related to the course. 
The instructor may encourage students to ask questions that will prompt further 
discussions. Open questions allow students to provide views and may keep 
discussions on.  
 
4. Content to upload 
The instructor should encourage students to post content related to the course 
and for the benefit of the group. The instructor may allow other content to be 
uploaded that students feel are worth sharing. The instructor may upload content 
to the MSLE to increase student engagement. 
 
5. Accessibility 
      To make sure that all students have access to the MSLE, the instructor 
should allow students to use desktop computers if they don’t have smartphones 
or tablets or laptops to connect to the MSLE.  
 
6. Information privacy 
From time to time, the instructor may advise students to maintain the privacy of 
their account, and to not  let private information be accessible to everyone. 
 
7. Friendships and self-disclosure 
Friendships and self-disclosure between the instructor and students may have 
both positive  and negative effects to the participant attitudes towards the use of 
the MSLE. If an instructor is willing to disclose about themselves online, students 
may respond by disclosing more about themselves as well. However, too much 
self-disclosure may serve as a detriment to the relationship – the curvilinear 
nature of self-disclosure and satisfaction (DiVerniero and Hosek, 2011). Hence, 
self-disclosure by the instructor should be kept minimal. 
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8. Notifications status 
The instructor should encourage students to set their notification status “ON”, as 
by doing so, they will receive feedback once posted. 
 
9. Assessments 
Setting assessment largely depends on the instructor and student willingness to 
use the  MSLE. If all students happen to use the MSLE, it will become easy for 
the instructor to design small assessment tasks. But, if participation is optional, 
then assessment may not be possible. 
 
   Advantages of assessing students in the MSLE 
1. May increase participation through asking and answering questions. 
2. May increase student engagement with learning of the course materials. 
 
   Disadvantages of assessing students in the MSLE 
1. Some students may not participate as the use of the MSLE may not be 
officially endorsed by the Faculty/University. 
2. May not be ethically appropriate if participation is optional. 
 
10.  Group duration 
The instructor may decide to open separate groups for each new cohort. 
However, if the same group is used for a new cohort, instructors may try to 
encourage students of previous cohorts to remain in the group, so that they might 
assist new students with their queries.  
 
Advantages for allowing previous students into the group 
1.  May increase the chance of building a programming learning community 
that help each other throughout university life.  
2. May increase the chances of questions to get feedback from the more 
experienced students. 
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Disadvantages for allowing previous students into the group 
Plagiarism – Previous students may provide solutions of previous 
assessments to current students, or current students may ask previous 
students to help with assessments.  
 
The guidelines for incorporating the MSLE with instructor involvement are highly 
dependent on the instructor’s enthusiasm. This approach may have advantages 
and disadvantages. The advantage of this approach is dependent on the fact that 
the presence of an instructor may increase student trustworthiness of the 
feedback received from other students, as they are assured that the feedback 
has passed through the instructor’s eyes. The other advantage is that a post 
broadcasted by the instructor would reach many students in a short time. 
However, instructors will have an increased workload as they have to 
communicate with students in both platforms, the LMS and the MSLE. The other 
disadvantage is that the presence of an instructor may restrict the flow of 
discussions as students may not feel the freedom that they would have expect in 
a social site. 
 
Depending on the mode of the course delivery, for this  sets guideline, an 
instructor can be a lecturer (traditional face-to-face), a facilitator (blended) or an 
online instructor (pure online), who is involved in the designing or delivering of 
the course.  In the face-to-face mode, a lecturer can design or make changes to 
the design and delivery of the course. In the blended mode of teaching, 
depending on how the course delivery is organised, a facilitator may be able to 
change the way of delivering the course from the information given by the course 
leader. In pure online mode, the instructor can design or can make changes to 
the design or delivery of the course. 
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8.4.2 Guidelines for incorporation of the MSLE with teaching 
assistant involvement 
 
Setting up the MSLE without instructor involvement may be possible if there are 
teaching assistants (tutorial and laboratory assistants) involved in the teaching of 
the course and they are enthusiastic about using MSLE to support students’ 
learning of programming. Though it is not always the case, teaching assistants 
may provide a less restrictive environment compared to the presence of course 
instructor. 
 
Role of the teaching assistants 
Teaching assistants should to be willing to spare time and be active to answer 
student queries in order to engage them and enhance their learning experiences. 
Within the MSLE, teaching assistants may assume the role of the instructor, such 
as providing a clear focus of what is expected to be discussed, defining the rules 
of engagement, what is expected of students and their participation, encouraging 
students to make effective use of the MSLE, encouraging students to upload 
course related content, and allowing students to use desktop computers to 
connect to the MSLE if they don’t have smartphones, tablets or laptops. 
Teaching assistants should advise students to keep their private information 
secure and to minimize self-disclose whenever possible.  
 
In this type of approach, assessment may not be possible if participation is 
optional. Group duration may be decided by the teaching assistants after 
weighing the advantages and disadvantages of inclusion of previous students.  
 
Advantages of this approach, just like the presence of instructor, include students 
trusting the feedback given by others as they have been scrutinised by the 
teaching assistants. Teaching assistants are more likely to  answer student 
queries faster than the instructor. Another advantage is that teaching assistants 
may report any students misconceptions to the instructor. However, students 
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may feel they are being monitored; hence the free-flow of discussion may be 
hindered as well.   
 
Following the two approaches to incorporate the MSLE into the teaching and 
learning of programming, we present in the following section, the application of 
the second approach where teaching assistants are involved in the setting up 
and management of the MSLE. 
 
8.4.3 Application of the guidelines for incorporation of MSLE 
into the teaching and learning of programming in the RMIT 
face-to-face cohort 
 
Students involved in Phase 4 were subjected to the second approach of 
incorporating the MSLE in their programming course. The teaching assistants 
consisted of 5 tutorial assistants and 7 laboratory assistants. Teaching assistants 
were asked to spare at least 1 hour a day to log  into the MSLE.  A few teaching 
assistants joined the MSLE and students were made aware of their presence. 
Table 8.7 shows the handout that was distributed to students, which explained 
the objectives of the MSLE, how to join the MSLE, and the activities that students 
were expected to perform. Students were to discuss questions that were not 
covered in the tutorial and laboratory sheets, such as past tests and exam 
questions, questions that were in the Facebook programming quiz application, 
and any other difficulties they faced from the course material provided in class. 
Since we followed the second approach, no assessments were set. Rather, we 
introduced bonus marks as a motivation for participation. Students were allowed 
to use nick-names but they had to communicate with the group administrator in 
order to be accepted as enrolled students and to receive bonus marks at the end 
of the semester. To increase engagement with learning, students were 
encouraged to practise questions and quizzes from the Facebook programming 
quiz application (Figure 4.9). 
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Table 8.7: Handout for Students 
Facebook group for Programming 1 COSC1073/2362 S1 2013 
 
To enhance your learning of programming in this semester, we are introducing a Facebook group 
for Programming 1 course. Our aim is 
 
           (i) To increase your learning and interaction outside the classroom times.  
 
           (ii) Allow you to share programming materials you think might be worth sharing from  
                  other sources e.g. Tutorial websites etc. 
 
          (iii) Allow you to access discussion environment available anytime, anywhere.  
 
           (v) To connect students with teaching team members who happen to be “on” on Facebook  
                group. 
 
To join the Programming 1 Facebook group: 
If you do not have Facebook account, sign up for a free account from Facebook site 
www.facebook.com . 
If you already have Facebook account, the following are steps to join the Programming 1 
Facebook group 
 
1. Type this link http://www.facebook.com/groups/477862112249777/ on your browser. 
2. You will be asked to log in to Facebook. Provide your email and password. 
3. Click on the “Join Group” link on your right top side of the group page. This will send 
joining request to the group admin. 
4. Once you have been accepted, you will receive notification that you have been 
accepted. Note that the Admin for this group is “Tulla Marine”. Note: The Facebook 
group link will also be emailed to your respective email accounts. 
NOTE:  
• Joining the Facebook group does not expose your account privacy. Group members 
cannot access your private information unless you accept their friendship requests. 
• If you do not prefer to use your RMIT identity/name, or you want to use nicknames, or 
your Facebook account name is different from what you are known at RMIT, please email 
the group admin through aclint2009@gmail.com sending your Facebook account names 
and the names you are known at RMIT so we can allow you into the group and for the 
purpose of receiving bonus marks at the end of a semester. 
• You don’t have to think of how to rephrase your posts, but make sure what you write is 
understood by other students. 
 
Assessment: We will not assess your participation in this group but we will provide bonus marks 
for students who will introduce themselves within the first two weeks; students who will answer 
other students’ questions; students who will ask programming related questions and those who 
will upload useful information for other students to refer to. 
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Research has shown that if you start preparing yourself early enough it will make your learning 
life easy. For programming 1, the earlier you start to tackle questions, the earlier you sick for 
assistance from others through discussions, the less shy you feel about expressing stuff that you 
are stack in  the more you will make it in P1. Start early for better results. 
 
Main activities: discuss some Tutorial questions, Lab materials and practice quizzes via 
Facebook site available at http://avok.me/p1quiz/index.php 
 
Criteria for rewards Bonus marks 
Self-introduction within the first two weeks 1 
The first 100 active members  1 
The first 20 students who will upload useful links 0.5 
The first 20 students who will upload useful questions for others to practice 
related to  weekly materials covered in the lecture 
0.5 
Total 3 
 
 
For teaching assistants, we provided guidelines on what was to be discussed for 
the weeks that we intended to use the MSLE (Table 8.8). 
 
Table 8.8: Handout for Teaching assistants 
Facebook group for Programming 1 COSC1073/2362 S1 2013 
 
To enhance students learning of programming in this semester, we are introducing a Facebook 
group for Programming 1 course. Our aim is 
 
           (i) To increase student learning and interaction outside the classroom times.  
 
           (ii) Allow students to share programming materials you think might be worth sharing from  
                  other sources e.g. Tutorial websites etc. 
 
          (iii) Allow students to access discussion environment available anytime, anywhere.  
 
           (v) To connect students with teaching team members who happen to be “on” on Facebook  
                group. 
 
To join the Programming 1 Facebook group: 
 
If you do not have Facebook account, sign up for a free account from Facebook site 
www.facebook.com . 
If you already have Facebook account, the following are steps to join the Programming 1 
Facebook group 
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1. Type this link http://www.facebook.com/groups/477862112249777/ on your 
browser. 
2. You will be asked to log in to Facebook. Provide your email and password. 
3. Click on the “Join Group” link on your right top side of the group page. This will 
send joining request to the group admin. 
4. Once you have been accepted, you will receive notification that you have been 
accepted. Note that the Admin for this group is “Tulla Marine”. Note: The 
Facebook group link will also be emailed to your respective email accounts. 
 
NOTE:  
• Joining the Facebook group does not expose your account privacy. Group members 
cannot access your private information unless you accept their friendship requests. 
• If you do not prefer to use your RMIT identity/name, or you want to use nicknames, or 
your Facebook account name is different from what you are known at RMIT, please 
email the group admin through aclint2009@gmail.com sending your Facebook account 
names and the names you are known at RMIT so we can allow you into the group and for 
the purpose of receiving bonus marks at the end of a semester. 
• You don’t have to think of how to rephrase your posts, but make sure what you write is 
understood by other students. 
 
Activities:  
Week 1 or once you join the group: 
• Get to know each other- introduce yourself the way you want other members 
to know you.  
• Discuss tutorial 1 question 6 and 7. 
• Discuss laboratory Exercise question 2. 
Week 2: 
• Get to know each other- introduce yourself the way you want other members 
to know you.  
• Discuss materials covered in Week 1-Variables, identifiers, Operators and 
precedence. 
• Discuss Tutorial 2 question 2, 4 and 7. 
• Discuss Laboratory Exercise question 2. 
• Practice quizzes via Facebook account ( week 3) available at 
http://avok.me/p1quiz/index.php (Week 3 questions covers materials from 
week 1-3) 
Week 3 
• Discuss materials covered in Week 2-Decissions, Algorithm and Stepwise 
refinements. 
• Discuss Tutorial 3 question 3, 5 and 7. 
• Discuss Laboratory Exercise questions 3. 
• Practice quizzes via Facebook account ( week 3) available at 
http://avok.me/p1quiz/index.php (Week 3 questions covers materials from 
week 1-3) 
Week 4 
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• Discuss materials covered/ discussed in Week 3-.Decissions, Algorithm and 
stepwise refinement 
• Discuss tutorial 4 questions 2, 5 and 7. 
• Laboratory Exercise questions 1. 
• Practice quizzes via Facebook account ( week 4) available at  
                               http://avok.me/p1quiz/index.php 
Week 5 
• Discuss  materials covered/ discussed in Week 4- Repetitions and Introduction 
to arrays   
• Discuss Tutorial 5 question 1(b), 3(d), 6, 7 and 8. 
• Discuss Laboratory Exercise questions 1. 
• Practice quizzes via Facebook account ( Week 5) available at 
http://avok.me/p1quiz/index.php 
  Week 6 
• Discuss materials covered/ discussed in Week 5: Simple classes, Arrays, 
methods and parameter. 
• Discuss Tutorial 5 question 7 and 8 
• Discussions about creating an instance, retrieving details from it (using 
accessor), changing details in it (using mutator), getting it to “do something” 
(using an operation), etc 
• Practice quizzes via Facebook account ( week 6) available at  
• http://avok.me/p1quiz/index.php 
 
 Assessment: We will not assess student participation in this group but we will provide bonus 
marks for students who will introduce themselves within the first two weeks; students who will 
answer other students’ questions; students who will ask programming related questions and those 
who will upload useful information for other students to refer to. The group admin will assign 
these bonus marks and present them to Head Tutor. 
 
Criteria for rewards Bonus marks 
Self-introduction within the first two weeks 1 
The first 100 active members  1 
The first 20 students who will upload useful links 0.5 
The first 20 students who will upload useful questions for others to practice 
related to weekly materials covered in the lecture 
0.5 
Total 3 
 
  
8.4.4 The outcomes of the guidelines application 
 
Messages extracted from MSLE-A for students who consented to the usage of 
their messages for our research, were analysed in Phase 4. The results showed 
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an increase in the percentage of the programming knowledge exchanged 
between students (Table 8.9). Also, we noted that the discussions were more 
focused, with 94.5% of messages related to the programming course content. 
 
Table 8.9: Programming knowledge construction with the guidelines imposed 
 
Without guidelines 
(average) 
With 
guidelines 
Percentage of knowledge construction in 
the messages related to programming 51.5% 64% 
Percentage of knowledge construction 
over all messages posted 43.5% 60.5% 
 
These results showed that though presence of teaching assistants hindered the 
free flow of discussions, social presence projections and social learning, students 
had focused discussions that led to more programming knowledge exchange 
(Figure 8.3).  
 
 
Figure 8.3: Tutor-student MSLE-post exchange 
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8.5  Summary 
 
In this chapter we presented our discussions based on our research questions. 
Our first research question sought to explore novice perceptions and experiences 
of the MSLE. We reported the perceptions based on the pre-survey results for 
Phases 1, 2 and 3, and the experiences based on the post-survey results from 
Phases 2 and 3.  The majority of novices were positive about the MSLE for 
supporting the learning of programming, especially by increasing communication 
and interactions, and encouraging engagement with learning. Novice 
experiences did not differ significantly with their perceptions in cohort A, but 
differed significantly in cohort C.   
 
Our second research question explored the differences, if any, between 
interactions in the MSLE and in the LMS. We have seen that the themes that 
emerged in the LMS were also in the MSLE, but social presence projections 
were more prevalent in the MSLE than in the LMS. 
 
The third research question described and measured novice interactions in the 
MSLE as meaningful in terms of knowledge construction. We described 
interactions to be meaningful if they lead to knowledge exchange. We presented 
our MSLE model to measure these interactions in terms of programming 
knowledge construction. The model also assessed social presence projections 
necessary to sustain interactions.  
 
Our fourth research question presented the guidelines to incorporate the MSLE 
into the teaching and learning of programming. The guidelines were tested and 
the outcome of the application of these guidelines in the teaching and learning of 
Programming 1 course was presented. The next chapter presents our conclusion 
and future works expected for this research. 
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Chapter 9-  Conclusion and Future Work 
The main objective of this study was to explore whether the opportunities offered 
by mobile technologies and social networks can support novice programmers in 
their learning of programming. In this research we have designed, implemented 
and evaluated the MSLE to explore the benefits of mobile technologies and 
social networks in enhancing learning of programming by investigating the 
support that MSLEs provide to novice programmers in their learning of 
programming. Our research study sought to determined novice willingness to use 
social media and mobile technologies to support their learning of programming, 
their perceptions and their experiences after they used social media and mobile 
technologies to support their learning of programming. These findings were 
presented in Chapter 4.  
 
After exploring novice experiences, our next steps were to analyse novice 
interactions quantitatively and qualitatively to determine whether or not they used 
the MSLE meaningfully to support their learning of programming, and how they 
sustained their interactions socially and emotionally. In the process of analysing 
these interactions, qualitatively, we realized that the known models we employed 
to assess interactions needed some changes and additions in order to fully 
classify novice interactions in the MSLE. Hence, we proposed a new model to 
assess programming knowledge and projections of social presence in the MSLE. 
In order to implement the MSLE into the teaching and learning of programming, 
we proposed some guidelines that helped to increase meaningful interactions in 
terms of programming knowledge exchange between novices. This chapter 
presents the conclusions drawn from our study and proposes suggestions for 
future work. 
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9.1 Conclusion 
 
Despite some studies showing that students have mixed opinions on the use 
social networking sites for academic purposes (Manca and Ranieri, 2013; 
Selwyn, 2007a), in determining whether or not novices are willing to use social 
networks and mobile technologies support their learning of programming, our 
study has shown that on average, 80% of novices from the eight cohorts involved 
were willing to use social  networking sites to support their learning of 
programming. On the use of mobile technology to support learning, an average 
of 68% of novices was willing to use their own mobile devices – laptops, tablets 
or smartphones for learning. Hence, our study has continued to verify that the 
use of social networking sites and novices’ own mobile devices for academic 
purposes, to a large extent, are preferred.                           
 
Our study and comparison of novice perceptions and experiences of the use of 
social networks and mobile technologies to support the learning of programming 
has shown, in all study-phases that novices perceived the MSLE as being a 
social environment which can be accessed anytime, anywhere. Being a familiar 
environment, the MSLE was perceived to have more novices present at any time 
than the LMS as most of students would use Facebook for socialization. Having 
more students present in the MSLE, questions were more likely to receive quick 
feedback. This was evident in their experience reports and in the quantitative 
analysis in Table 6.5 and table 6.9. Quick feedback increased interactions, 
motivated students and reduced procrastination (Maleko et al., 2012a). With 
increased interactions, there were more chances of knowledge being exchanged 
among novices. On the other hand, the use of the MSLE was considered costly, 
as mobile devices capable of connecting to internet were considered expensive. 
Though not reported in large numbers, the advertisements from the social media 
were considered as distractions for learning. However, novices perceived the 
MSLE as an environment that would further support the learning of programming 
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through increased interactions, engagement and knowledge creation and 
sharing. 
 
Novice experiences with the MSLE did not differ much with what they perceived 
in terms of the learning supports they experienced. As we saw earlier, the 
majority of students (>75%) experienced increased interactions, due to relatively 
real-time responses, the social and dynamic nature of the platform, and familiar 
and easy access to discussions. Novices experienced freely flowing discussions 
as they were more relaxed and open to each other (Table 8.2). Through 
answering questions raised by others, novices were able to reinforce what they 
learned in class, and through asking questions, they gained programming 
knowledge from more knowledgeable others. Some novices experienced an 
increase in engagement with the course due to relatively quick responses they 
received from active members in the MSLE. Friendships were formed that 
extended beyond the course duration and outside of the MSLE. 
 
Among the advantages we have seen of using the MSLE in the teaching and 
learning of programming were increased student-to-student interactions and the 
increased engagement with the learning of programming – the key findings. 
These were evident through students’ perceptions and experiences and 
quantitative thematic analysis results. Increasing student-to-student interaction 
was among the objectives of our study, since this type of interaction was shown 
to influence student success, positively.  
 
The MSLE helped students to exchange knowledge that would not have 
otherwise been exchanged as these interactions mainly occurred outside the 
scheduled classroom hours (Figure 9.1). As students were allowed to use nick 
names, the MSLE helped shy students to participate in asking and answering 
questions. These students would not have had the courage to ask questions in a 
classroom setting. 
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“….I'm also kind of a shy guy and am often hesitant in asking questions. 
When I have a bit of anonymity /pseudonymity I'm more inclined to ask for 
help. Yeah, this is a very good thing.” 
 
 
Figure 9.1: Examples of interactions outside classroom settings/hours 
 
The MSLE was used as a place for students to reinforce their understanding of 
programming concepts through answering other students’ questions. The MSLE 
helped in the content creation as students uploaded contents and links related to 
the course for others to read. The contents uploaded in the MSLE remained as 
footprints for students to read at their own convenient time. 
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The MSLE was sometimes used to re-broadcast information such as 
announcements from the LMS as this was expected to reach many students 
more quickly. Although not all students were active participants who benefited 
through asking and answering questions, there were some who interacted 
vicariously through reading other students’ posts. 
 
“I don't discuss anything; rather just see what other people are 
mentioning.” 
 
“I did not comment on any posts, just read them.” 
 
The study of novice behaviours in the LMS and in the MSLE showed that the 
themes that supported the learning of programming appeared almost equally in 
both environments. In both study-phases, more than 80% of the messages 
belonged to the themes that directly related to learning of programming (Table 
8.3). This was among the key research findings that support the use of the MSLE 
in the learning of programming as a complementary discussion environment.  
More social behaviours were noted in the MSLE and this is explained by the 
nature of the environment and the freedom that novices experienced because of 
the absence of authoritative figures to monitor discussions in the environment 
(Table 8.4). 
 
We consider the usefulness of the MSLE by looking at both researchers’ and 
students’ perspectives. As researchers, we assert the usefulness of the MSLE in 
the supporting the learning by looking at the percentages of programming 
knowledge construction across the study-phases. As was shown in Table 8.6, on 
average, 51.5% of the messages related to the programming course had 
programming knowledge, which is equivalent to 43.5% of total messages posted 
in the MSLE. When guidelines were implemented, the percentage of 
programming knowledge from messages related to the programming course rose 
to 64%, and from total messages posted in the MSLE, rose to 60.5% (Table 8.9). 
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Even though students had access to the LMS, and we had no doubt that they 
exchanged knowledge in their respective LMSs, we also observed that the MSLE 
managed to provide a platform for students to further exchange programming 
knowledge, cement their understanding of programming concepts, engage more 
in the learning, express themselves socially and emotionally and support one 
another especially when learning gets tough.   
 
 
Figure 9.2: The MSLE for follow-up Courses 
 
As for students, the usefulness of the MSLE in their learning of programming was 
asserted by looking at when they mostly used it, how they found it useful and 
whether they would like to use such platforms for other courses.  We found that 
students used the MSLE more during assessment periods. At this time, the 
number of posts increases sharply and abruptly (Figure 8.1). Students also 
wanted the MSLE to be used in their follow-up courses, as seen in Figure 9.2, 
and some opened up such platforms for other courses, as seen in Figure 9.3. 
This shows that students had realized the usefulness of the MSLE in supporting 
their learning of programming, and some were able to express their gratitude, as 
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seen in Figure 9.4. The more the usefulness, the more the usage (Siemens and 
Weller, 2011) 
 
 
Figure 9.3: A new MSLE for follow-up course created by students 
 
 
Figure 9.4: Usefulness of the MSLE from student point of view 
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Although there were mixed opinions on the use of the MSLE for supporting 
learning of programming, our study has shown that the MSLE is very useful in 
supporting learning and increasing engagement with learning, as substantial 
amounts of programming knowledge were exchanged during novice discussions, 
which would not have otherwise been exchanged. This also provided evidence 
that novices had meaningful interactions in the MSLE.   
 
Based on the social constructivist theory of learning, we described novices’ 
meaningful interactions in the MSLE as interactions that resulted in syntactical 
and conceptual programming knowledge creation and sharing. These are 
interactions that lead to programming factual, rules, concepts and principles 
exchange among novices. That is, interactions that define, explain, or evaluate 
the selected programming language syntactically or conceptually. In general, we 
have described interactions that supported the learning of programming based 
on the content exchanged as meaningful ones.  
 
In line with describing meaningful interactions, we proposed a model to measure 
these interactions in terms of knowledge construction and social projections 
(Figure 7.1). Programming knowledge expressed as factual, concepts, 
explanation or evaluation were all classified using this model. Social projections 
were assessed in order to understand the extent to which students projected 
themselves while interacting in the MSLE. Assessment of social projection was 
important in order to understand how students supported one another in their 
messages, how they sustain and stimulate their interactions. The model also 
assessed social projections in the messages that carried no knowledge but were 
related to the course. This helped to understand the communication behaviour of 
students while exchanging knowledge and non-knowledge messages. On testing 
this model, the results showed interesting findings, that a substantial part of the 
messages posted had knowledge and students were less social when 
exchanging knowledge, but very social when asking course related questions.  
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In order to incorporate the MSLE to enhance learning of programming we 
provided two sets of guidelines. The first set of guidelines involved instructor and 
the second set involved teaching assistants together with their roles. 
Implementation of the second set of guidelines showed an increase in the 
percentage programming knowledge exchanged among novices. The average 
programming knowledge changed from 51.5% to 64% in the messages related to 
the course and from 43.5% to 60.5% in all messages exchanged in the MSLE.  
We hope that the implementation of the first set that involves the instructor will 
relatively increase programming knowledge construction. However, for each set 
of guidelines, the key is to have a teaching team with enthusiasm, a teaching 
team that sees the benefits of the MSLE to support learning of programming. 
 
Our study has shown that the MSLE as an online environment, that with the  
incorporation of  social networking groups and mobile technologies being 
feasible, and can indeed support learning of programming for novices. Through 
the MSLE novices are able to construct and share programming knowledge. The 
key to make this successful is to have a devoted teaching team that see the 
opportunities that social media and mobile technologies offer to novices such as 
promoting active learning, and understanding the nature and the need of present 
generation of university students.  
 
9.2 Future work 
 
We have seen in our study that, given access to both platforms, students 
interacted more in the MSLE than in the LMS. We have also seen that presence 
of teaching assistants increases knowledge exchange. As part of the future work, 
we propose to implement in a single cohort, two parallel MSLEs, one with the 
course lecturer involved, to imitate the LMS, and the other without a lecturer.  
The aim is to investigate what factors motivate students to interact more in or the 
other MSLE. The technological factors behind MSLEs may lead to more students 
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joining the MSLE with the lecturer involvement; otherwise the authoritative 
factors are a hindrance to novice interactions. 
 
The model that was presented assesses knowledge construction in a 
programming course, but as part of the process of validating our model, we plan 
to apply this model to assess knowledge construction from the MSLE designated 
for non-programming courses.  
 
We plan to further develop the Facebook programming quiz application (Figure 
4.9) that was introduced with the aim of increasing novice engagement with 
learning of programming, so that the statistics generated from it might effectively 
be assessed by the course instructor for short and long term pedagogical 
improvements. Also, more exploration of other social behaviours in the MSLE 
such as Like, Poke and Tagging are to be conducted.   
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you have any questions about the project, please ask one of the investigators.   
 
Who is involved in this research project? Why is it being conducted? 
o The researchers are listed above: Mercy Maleko, student in RMIT who is 
doing the research project. Dr Margaret Hamilton as senior supervisor and Dr 
Daryl D’Souza as second supervisor.  
o The research is being conducted as part of my PhD degree. 
o The project has been approved by the RMIT Human Research Ethics 
Committee. 
 
Why have you been approached? 
o You have been approached because you are enrolled in a programming 
course offered by the School of Computer Science and IT. 
 
What is the project about? What are the questions being addressed? 
 
o There is published evidence that learning of programming is difficult for 
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novices. Some researchers have argued that the more students interact and 
discuss issues regarding their programming course the easier it becomes to 
learn programming. Mobile devices (Smartphones, laptops, PDAs) provide 
opportunities for anywhere and anytime interaction. Social networking sites 
are freely available to support interaction.  
 
o We would like you to participate in this project by being one among students 
who will be interacting in a social networking site through discussions, 
brainstorming and self learning. 
 
o We expect about 30 participants /students. 
 
If I agree to participate, what will I be required to do? 
You will be required to open an account on facebook using nick-names. 
Once you have opened an account, you will be required to join a programming 
discussion group already created on facebook. Using your mobile phone, (or if 
you don’t have mobile phone with internet access, you can use your laptop, if you 
don’t have laptop you may use desktop computer) you can post your questions 
regarding Programming 1 course. You will be free to ask any question. You can 
request clarifications on lecture notes, assignments etc. We will also welcome 
you to answer other students’ questions. From time to time we will upload 
learning materials that will help you in your learning of programming. Sample 
programs will also be uploaded where you can run them in your laptop and study 
the output. All these can be done anywhere, anytime. At the end of the semester, 
researchers will assess your discussion posts to find out how meaningful 
discussions you have had. 
 
Your participation in this project is valuable because the findings from this 
research will assist in understanding how mobile devices and social networking 
sites can be used to better support students in the learning of programming.  
 
Due to the nature of the data collection process, we are required to obtain 
written consent from you, that you are willing to participate in the research by 
completing the pre and post surveys, you will open an account on the selected 
social networking site and you allow researchers to assess the posts that you will 
make on the site.  Please read the consent form below carefully and be confident 
that you understand its contents before signing it  If you have any questions 
about the project please feel free to contact one of the investigators. Your 
participation is purely voluntary and anonymous (your nick names will not be 
used in any publication resulted from this project) and you are free to withdraw 
from the project at any time. 
 
What are the risks or disadvantages associated with participation? 
o There are no perceived risks outside the participant’s normal day-to-day 
activities. 
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What are the benefits associated with participation? 
 
o You will have an opportunity to discuss with other participants matters related 
to your course (Programming 1) and access self learning materials uploaded 
on a social networking site. 
o The other benefit is for research to produce pedagogy for incorporating 
mobile learning into the teaching and learning of programming language by 
novices.  
 
What will happen to the information I provide? 
o The messages posted will only be seen by myself, my supervisors, Dr. 
Margaret Hamilton and Dr. Daryl D’Souza, your tutors, lab assistants and 
mentors. Since only nick-names will be used, there is no way we can identify 
your name on the social networking site.  
o Any information that you provide can be disclosed only if (1) it is to protect 
you or others from harm, (2) a court order is produced, or (3) you provide the 
researchers with written permission. 
The results will be disseminated in a student report and the programming group 
will be kept so that other students will benefit from studying your questions and 
answers.  
 
What are my rights as a participant? 
o You have the right to: 
  Withdraw your participation at any time, without prejudice. 
 Have any questions answered at any time. 
 
Whom should I contact if I have any questions? 
• Mercy Maleko via email: s3231569@student.rmit.edu.au) or any of the 
researchers listed at the top of the previous page. 
 
 
Yours sincerely, 
 
 
Mercy Maleko                        Dr. Margaret Hamilton         Dr. Daryl D’Souza 
PhD Student                           Research Supervisor         Research  Supervisor 
 
 
__________________               ___________________         ____________________ 
  
 
 
PRESCRIBED CONSENT FORM FOR PERSONS PARTICIPATING IN RESEARCH PROJECTS 
INVOLVING PARTICIPATION IN A SOCIAL NETWORKING SITE. 
 
College of Science, Engineering & Health 
School of Computer Science & Information Technology 
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Project Title: Mobile Social Learning Environment for Novice Programmers  
Name(s) of Investigators:         Ms Mercy Maleko Phone: +(61 3) 9925 3875 
 Dr Margaret Hamilton Phone: +(61 3) 9925 2939 
 Dr Daryl D’Souza Phone: +(61 3) 9925 2927 
1. I have received a statement explaining what is involved in this project. 
2. I consent to participate in opening account on the social networking site and in the discussions for above 
project. Also I consent to allow researchers to assess posts that I will make in the social networking site for 
the project. 
3. I acknowledge that: 
 
(a) Having read the Plain Language Statement, I agree to the general purpose, methods and demands of 
the study. 
(b) I have been informed that I am free to withdraw from the project at any time 
(c) The project is for the purpose of research. But it may have a direct benefit to me. 
(d) The privacy of the information I provide will be safeguarded.  However should 
 information of a private nature need to be disclosed for moral, clinical or legal reasons, I will be 
given an opportunity to negotiate the terms of this disclosure. 
(e) The security of the research data is assured during and after completion of the study.  The data 
collected during the study may be published, and a report of the project outcomes will be provided 
to RMIT University.   Any information which may be used to identify me will not be used unless I 
have given my permission. 
Participant’s Consent 
 
Participant 
Name: 
 Date:  
(Participant signature) 
 
 
Witness 
Name: 
 Date:  
(Witness to signature) 
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Appendix C. Novice Perceptions-Pre- Survey 
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Appendix D. Novice Experiences-Post- Survey 
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